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Avisco Chemicals Give Textile Mills 
Solutions To Static Problems 


Major static problems in textile processing—particularly in 
dyed fibers, yarns and fabrics—are being met with the help 
of Avisco textile chemicals. They are easily applied in the 
final rinse after dyeing, eliminating later handling opera 
tions. 

Besides controlling static, Avisco textile chemicals pro 
vide excellent fiber lubrication and cohesion in carding 
gilling, drafting and combing. 

They are non-ionic, and completely dispersible in water 
They are highly stable to acids, salts, and mild alkalies, as 
well as compatible with dye liquors, sizes, and resins used 


Left, drafting untreated 


synthetic fibers. 


Right, same fibers treated with 
Avisco Chemicols. There is 
practically no fly. Down time 
is reduced, uniformity of later 
processing assured. 


Left, untreated fiber going 
through worsted card. 


a 


+5. 


Right, the same operation after 
treatment with Avisco textile 
chemicals. Exceptionally effective 

static control is achieved. 


a 


in finishing. In addition, Avisco treating agents are perma- 
nently stable in storage, do not volatilize during drving, and 
do not affect shades or light and wash fastness. 

Other Avisco textile chemicals also in demand for their 
outstanding qualities are a rayon stabilizer, a permanent 
ravon finish, and a non-ionic synthetic detergent. 

Representatives of Avisco’s Textile Research Department 
are working closely with mills to apply static-control chemi- 
cals. as well as chemicals developed for other textile prob- 
lems. They will be glad to assist you. Write us about vour 
spec ific needs, 


Avisco Textile Chemicals were 
developed in conjunction with and are 
manufactured by Atlas Powder 


Company, Wilmington, Delaware. 


MAKE USE OF < Kisco 
4-PLY SERVICE 


lo encourage continued improvement 
in ravon fabrics, American Viscose 
Corporation conducts research and 


offers technical service in these fields: 


1 FIBER RESEARCH 

2 FABRIC DESIGN 

3 FABRIC PRODUCTION 
4 FABRIC FINISHING 


AMERICAN VISCOSE 
CORPORATION 


America’s first producer of man-made fibers 


RAYON ACETATE VINYON* FILATEX®S 


Sales O Fifth Avenue, New York 1, 
N. Y.; Charlotte, N. C.; Cleve 
Philadelphia, Pa.; Providence, R. I 
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SCOTT TESTERS, INC. 


announce the appointment of 


SCOTT TESTERS (SOUTHERN) INC. 


. . as the only authorized auxiliary source of Servicing, 
Parts and Supplies for users of Scott testing equipment 


Located at 216 Reidville Road, Spartanburg, South Carolina 


MACHINE SHOP capable of repairing and rebuilding, or converting to the “‘Accr- 
O-Meter”. 


COMPLETE STOCK of factory-made parts and supplies. 


FACTORY-TRAINED PERSONNEL capable of traveling to users’ plants for on-the- 
spot repairs: 


Manager: John Hargreaves. Open for business March 1, 1953 


SCOTT TESTERS 


SOUTHERN 


INC. 


Requests for servicing, parts and supplies may be made direct to Spartanburg by 
users nearer that source. 


SOUTHERN SALES REPRESENTATIVE 
JOHN KLINCK, 304 West Forest Ave., N. Augusta, S. C. 


SCOTT TESTERS, INC. 145 BLACKSTONE STREET, PROVIDENCE, R. I. 
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Theory and Morphology of Crimped Rayon Staple 


M. Horio and T. Kondo 


Department of Textil 


Chemistry, Faculty of Engineering 


Kyoto University, Kyoto, Japan 


M: IRE than ten years ago, in the course of studies 


being made of the development of a new two-bath 
stretch spinning process for viscose fibers, the forma 
tion of finely crimped filaments 


served |1| 


was frequently ob 
Such filaments displayed crimp (Fig 
ure 1) which was equal to that in the most superior 
Merino wool fibers. It was found that such crimps 
occurred whenever the acid content in the coagulating 
bath was reduced to a certain degree far below that 
il 


previously employed in practical viscose spinning 


procedure. Further studies to develop this process 
Suda [4]. At 


than one-third of the rayon staple produced in Japan 


were carried out by present, more 


is crimped staple manufactured by this process, and 
production figures promise a rapid increase for the 


future. At the time of this discovery, it was sur 


mised that the existence of a structural heterogeneity 
within the filaments had given rise to the formation 


of such crimps. Further studies on crimped rayon 


staples, however, revealed a number of new facts 


which appear to be of much value not only to the 
production of viscose rayon but also to general prob 


lems concerning all other textile materials 


Crimping of Staple Bundles 


In the preparation of crimped rayon staple, a co 


agulating bath having a low acid content and high 


salt content is employed. The coagulated filament 


strand is immediately stretched from 40% to 50% 


i its original le ngth ina second bath contaming a hot 
liquid at temperature from 85° to 95°¢ Phe strand 
subjected to a 


squeezed strongly, 


is further stretching process in the 


atmosphere, and then cut to staple 


length I] tension within the strand is thus released 


1! 


alter passing the last fibers are sti 


Figure 2a. When the 


are immersed in water, a rapid crimp formation takes 


stage | he 


straigl t. as shown in 


fibers 


ple (magnification 
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place. This final procedure is not always necessary 
since it was also found that crimp is produced spon 
taneously when the filament strand or cut chips are 
subjected to a certain degree of moisture (see Figure 
2b). The critical water content to produce crimp is 
shown in Table I. 


Ae 


it 


The crimp represents a characteristic feature of the 


. oj 


ef 


plane wave, as shown in Figure 2b.* 


The number 
of apices per inch is 15 to 18. 


This indicates that this 
type of crimped rayon staple is superior to Merino 
wool in the number of crimps.7 


+ 


ar 


\ 


Attention should be 
drawn here to the conspicuous fact that a large num 
ber of filaments in a bundle act 


NLENM 


om 


in a body when the 
bundle is immersed or moistened 


NN) 


The theoretical interpretation for this phenomenon 
will be given later. When the strand made by this 


method is dried under tension, a straight tow is ob 


4 


Fic. 2. 3 ongly squeesed filament bundle 
* Refer also to Figure 17 In some cases a three-dimen nification, 1.3 X) The ratio of water to dry filament 
sional wave is produced, as shown in Figure 18 1.13. b—Moitstened filament bundle (magnification, 


+ The necessary tension to stretch a crimp in the dry state 13>). The ratio of water to dry filament 1.90 
is about 50 mg./denier, and is of the same order of magnitude 


as that for Merino wool; while in the 


(lag 


wet state it 1s reduced 


tained, which, however, crimps immediately Ol 
to about one-fiftieth to one-eightieth of the tension for 


wool . 4 | alLals 

: dipped in water or dilute alkaline solution. 
Chis paper will not deal with the mechanics of crimp beyond PI ; 

the limit necessary for this article 


1 being 


Under 
repeated elongation in the dry state, the crimp almost 


Fic. 3. Cross sections of three types of filaments (magnification, 640 *). a—a-type; H.SO,, 67.7 g.l.; con 
siderably crimped; D.« SS%.* b—b-type; HSO., 90.2 g.l.; most finely crimped; D.( 17.8% c—c-type 
H.SO,, 119.2 gil; almost no crimp; D.C SUG Lhe composition of viscose used is: cellulose, 8.06% ; and total 
alkali content, 6.0°%.4 


* 1).C. stands for the “degree of crimping,” 
and 7 is that under the 200 mg. load. The 
2.66, and (c) 2.86 2 


which is defined by (/ length under the 5 mg. load 


l,) X 100/1, where 1, is the 
mechanical data of each sample are as follows: tensile strengths are (a) 1.54, (>) 
, and (c) 17.8¢ 


denier ; and elongations at break are (a) 12.8%, (>) 15.4% 8% 


+ When an alkali-rich viscose is used, baths containing greater amounts of acid are necessary, while smaller amounts of acid 
are sufficient when an alkali-poor viscose is used 


The type of cross sections obtained depends not only upon the acid content 
of the coagulating bath, but also upon the composition of the viscose 
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TABLE I. 


1.33 
No crimp 


Water content of filament strand* 
* Ratio of water to dry fiber. 


disappears, but it is completely reproduced when the 


tow is wetted or steamed. This indicates that the 
nature of filaments as first created during the spin 
ning process of viscose is the essential factor in pro 


ducing crimps. 


Observations of Individual Filaments 


When the cross sections of crimped filaments ob 
tained by this method are examined, several features 
are distinguished from those of ordinary filaments. 
Figure 3 (a, b, and c) shows three types of cross 
sections chosen from a series of filament samples 
which were spun from the same viscose into a number 
of coagulating baths differing in acid content. 

In c-type filaments (normal staple) the serration 
the 
throughout the entire outline of each cross section 
On_ the 


and skin are found, on whole, to be uniform 


other hand, b-type filaments (standard 


™“ 


d 
Fic: 4: a 


A cross section of b-type filament 


ce xamples Oo} cross sections of 


“crimp types.” f- 


i. 
No crimp 


(standard crimped filament) hight 
representation of a cross section of a standard crimped filament: x 


( 


RELATIONSHIP BETWEEN CRIMP FORMATION AND WATER CONTENT OF FILAMENT STRAND 


1.90 
Crimp 


2.18 2.33 Immersed 
Crimp 


30 


Crimp Crimp 


crimped staple) are characterized by asymmetrical 


cross sections. Figure 4 (a and b) shows one of the 


sections greatly magnified together with a schematic 
sketch of the section. 


A boundary line can be drawn—-for example, the 


x-axis—for each cross section of this type (refer 


to Figure 4b). The appearance of the outline and 
skin formation above this line is very different from 
that below. The lower part, B, shows serrations that 
are coarser and notched more deeply, and the skin 
is thinner. The upper part, 4, however, shows ser 
rations that are much finer and slightly indented 
The serrations are often so fine that the outline looks 
smooth when viewed through a microscope that is 


even slightly out of focus. The skin on this part is 


thicker, but appears to have a lower density. 


g 


magnified. b—Schematic 


boundary line; y of 


the ( 


axis symmetry. 


ross section of filament 


rainary 





6 


S-shaped coiling of 


F ic. 


= 
/ 


a filament. Notice diagonal 


twisting between two circles. 


Spiral coiling of a b-type filament. 
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The cross sections are almost symmetric with re 


spect to the y-axis, which is perpendicular to the 


v-axis 
the / 


type, and the part corresponding to B is constituted 


The a-type filament is an extreme case of 


a 


Inside of spiral 


+ 


Inside Of 


Outside of spiral 


b 


Fic. 8. a—Longitudinal section of a filament spiral 
of Figure 7 130 *). b—Enlargement 
of the masked portions in (a)(magnification, 510 x). 
Votice that the A side (Fiqure 4b) 1s 


towards the imside of the spiral 


(magnification, 


situated 


regularly 
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of a single swelling. In this case, v- and y-axes can 


be drawn similar to those for b-type filaments 


Most of the crimped filaments obtained under spe 


cific conditions by this spinning method have b-type 


cross sections, but this does not mean that they should 
fall entirely this ach 


has thousands of holes. The viscose extruded through 


within category spinneret 
some of them into the coagulating bath acts in a quite 
ditferent manner. Therefore, a small amount of a 
and c-types and also “crossbreeds” are produced to- 
gether with b-type filaments, which constitute the 
bulk of the strand. Similar relations hold for stand 
ard a- and c-type filaments. 

Figure + (c, d, e, and f) shows schematic pictures 
of the transition of cross sections which might occur 
when the acid content in the coagulating bath gradu 
ally increases. With increasing acid content the cross 


sections tend to increase their .number of excres 


cences, and finally become symmetric. Figure 4+ (c 
to e) gives examples of sections of “crimp types.” 

The asymmetry with respect to the 2-axis has an 
important bearing on the behavior of filaments 
When the chips or bundles are immersed in water, 


the individual filaments are crimped as shown in 


Fic. 10 


the cross 


bundle 
to thre 


Section of the hatched in Figure 9 
sections are 


nification, 750 X.) 


facing same direction 


that is, the 


141 


Figures 1 and 2b, but when individual filaments are 
separated from each other prior to immersion, they 
do not crimp but coil, forming circles, as shown 1n 
Figure 5. This behavior of individual filaments 1s 
related to the crimping of bundles in the sense that, 
the smaller the diameter of the coils in individual fila 
ments, the finer the pitch of the crimps in chips ot 
bundles 

The most important observation, in this case, 1s 
the manner of coiling. When the cross sections of 
coiled filaments are examined, it is always found that 
the thick-skinned part, 


A (refer to Figure 4 (a and 


Direction 
of bending 


Fic. 9 bundle 


Crimped filament (schematic) 


Arrow shows the direction of bending. Notice 


A part towards the direction of bending 


that al 
( Vag 
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b)), is situated inside and the thin-skinned part, B, 
is located outside of the circles, and no exception has 
been found to date. An S-shaped coiling (Figure 6) 
is also often found. Even in this case, A is situated f c 
inside and B outside of each circle, the filament being 7; Twisted 
twisted by 180° between the two circles. 
Furthermore, a spiral coiling can be prepared, as 
shown in Figure 7, by slowly immersing a long single 
filament of the b-type from one end to the other into 
the water. This spiral is carefully imbedded in paraf 
fin, and a longitudinal section * of the spiral is pre 
pared. Since each turn of the spiral gives a pair of 
cross sections of the filament, the longitudinal section Fic. 11. Side view of a crimped rayon filament. 
Notice diagonal twisting between the maximum and 


of the spiral is composed of two rows of the cross vee ; a> " 
minimum points of the wave. (Magnification, 50 x.) 


sections of the filament, as shown in Figure &a. 
When the individual cross sections are examined 
(refer to Figure 8b), it is found that they are oriented 
as presented above—namely, the part A, which is 


ing and crimping—are considered to be controlled by 
the same rule, it is deduced that each crimped filament 


should be twisted by 180° between every maximum 


slightly indented and thick-skinned, is located, with- and minimum point. This is shown in Figure 11. 
out exception, so as to face towards the inside of the The important conclusion drawn from these ob- 
spiral. : ; ’ servations is that the ultimate cause of crimping is 
Phe regular OTIEMTaTION — ores stair also °C the coiling property of individual filaments, which is 
curs in the case of crimped bundles, which are of due to the heterogeneity of the fine structure. 


greater practical significance. A portion of the sec- 
tion hatched in Figure 9 is magnified in Figure 10. Reversion of Coiling 
Here, too, the cross sections are oriented as before. *" = _? — ow 

If the two distinct performances of filaments—coil rhe coiling pr pasty ot a filament 1s due to the « ual 
construction, which can be compared to that of a 


* Corresponds to the radial section of a solid helicoid bimetallic object. It is quite possible that the two 


a b cS d 


Fic. 12. Reversion of the direction of coiling of rayon filaments in media differing in concentration of sodium 
hydroxide. a—Pure water. b—NaOH, 3%. c—NaOH, 7% (straightened). d—NaOH, 9% (coiled, but in re- 
versed direction). All the filaments are shown under the same magnification (40 X). Notice the change in the 
diameter of filament due to swelling. 
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+ 


Fic. 13. Schematic representation of the behavior of a 
filament bundle dipped in water at different depths 


parts of a filament behave differently according to 


the surrounding media 


For instance, in a dilute so 


solution of about 3%, the radius of 


coiled filaments is smaller than that pro 


dium hydroxide 
curvature ol 
duced in pure watet Moreover, the crimp produced 
by this medium is finer than that produced in water. 
In a sodium hydroxide solution higher than 4, the 
radius of 


curvature becomes larger, gradually in 


creasing with the concentration ; eventually a point of 


“4 


concentration at which the filaments do not coil at all 


a 


Photographs showing tite 


] 


may be determined (it ranges between 6‘ and 


Conforming with this experiment, the filament bui 


] 


dles do not crimp in this medium Furthermore, the 


filaments already crimped become straight when they 


higher 


are immersed in this solution Ina medium of hig 


concentration of sodium hydroxide—say, 9' the 


filaments tend to coil again, but the direction 1s_ re 


versed The relationship between coiling and me 


dium concentration is shown in Figure 12. In order 


to demonstrate the coiling direction, small fiber frag 


l botl 


ments are used with ends cut to form a wedge 


shape 


The experiments tre: ection support the 


to the 


dual construction of s, and that this eventually 


view that the coiling ft fibers is due 


causes the crimp of filament bune 


Dynamic Considerations 


The general conclusiot derived from the above ob 


servation is that the crimp in rayon filaments 1s pro 


The concentration differ dle 


pending upon whether 


| directly into 
the solutior r whetl 


from weaker to strons 


behavior of a filament bundle d pPped 
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duced by the coiling of individual fibers. The next 
step is to trace the causes of this transformation from 
coiling to crimping 

A straight wet bundle is immersed gradually into 
the water. 


As soon as the head of the bundle comes 
into contact with the water surface, the individual 
fibers tend to coil freely and the filaments at the free 
end of the bundle become disentangled, fornting a 
fringe (refer to Figures 13a and 14a). The coiling 
force, however, 1s not large enough to disentangle the 
filaments along the entire length of the bundle, and, 
therefore, if the bundle is immersed deeper, the indi- 
vidual filaments begin to act ina body and the bundle 
deforms as a whole in response to the force arising 
Figure 13 (b 
and ¢) and Figure 14b show this stage. 


from the total number of filaments 

To interpret this behavior of bundled filaments, 
the difference between the force existing within the 
bundle while it is in the air and that existing while 
it is being immersed in the water must be explained. 
This is related to the phenomenon already treated in 
Table I, 


water will produce spontaneous crimping of filament 


which shows 


that a sufficient amount of 


bundles. First let us consider a system composed of 


two similar filaments. The 


coiling forces for each 
filament are represented by two vectors, P, and P., 
which have the same magnitude, as shown in Figure 
I5a. Next, these two filaments are assumed to be 
have together as a single system. Then the resultant 
force, P, is a vector represented by the sum P, + P.. 

When a system is composed of a number of similar 
filaments with equal bending force of unity in random 
directions, as shown in Figure 15b, the resultant force 
vector can be obtained in a similar manner. If we 
consider the magnitude of the force alone and ignore 


its direction, the probability function of the magnitude 


Q 


Qe” 


2 


P 
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of the resultant force, P, is expressed as 


2 , 
r= 7 beep ( - - ). 


where mis the total number of filaments. 
By differentiating « with respect to p and putting 
the result equal to zero, we obtain 


In 
P N2° 

This means that in a system composed of m similar 
filaments having the bending force of unity, the force 
that 1s most frequently found has a magnitude in the 
neighborhood of Nn/2. When the individual forces 
are in the same direction, the resultant force should 
be nw. Assuming n to be 2:10*, which is the number 
expectable in practical cases, the probable value of 
the resultant force is only one-hundredth of the value 
which would be expected when all the filaments are 
arranged so that their bending forces are in the same 
direction, 

Practical viscose spinning does not include any 
process which allows the filaments to be mixed up 


pell-mell. However, the 


arrangement of filaments 
is disordered because of the action of stretch guide 
and by compression upon the surface of godet roller 
and by some other effects. Moreover, the filaments 
extruded from many spinnerets are gathered into on 
hundle and are stretched and pressed. Thus, the 
regular orientation of bending directions of individual 
filaments cannot happen. In consequence, the re 
sultarit force should be very small in magnitude, and 
would be comparable to ¥n/2. 

The surface tension of water, which binds each fila 
ment close to the others, cannot be overcome by so 


small a force, and the bundle maintains its origina! 


Fic. 15. Forces produced by multifilament 
systems a—A ( omposed of two 
A system composed of 


System 
similar filaments. b 
n similar close to each 
other. c—A system composed of n similar 


filaments lying sufficiently far apart 
other. 


filaments sticking 


from 
ear h 
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straight form. Significant is the fact that some po 
tential is kept in the bundle in latent form, and this 
can induce the initiation of bundle deformation when 
it is immersed in water. 

When the bundle is moistened to a greater degree, 
each individual filament is more widely separated 
from the others and is capable of moving more easily. 
It is assumed that a very small inducing force is ap 
plied in a certain direction during this stage. Then 
each filament is influenced more readily by this force. 
which decides the be 


The most significant factor 


havior of the filaments at this moment to initiate the 
deformation is the fact that the twisting rigidity of 


the filament is much smaller than the 
bending |2, 3] 


readily twisted by the external force than it is bent 


modulus of 


Consequently, each filament is more 


\ number of filaments are twisted in such a manner 
that their inherent bending characters follow the ex 
This 


the residual filaments, 


ternal influences. induces a similar action in 
and extends to all of the fila 
ments. Figure 15c¢ shows this stage schematically, 
and Figure 10 illustrates this phenomenon in an a 

tual case. Thus, the bending force is increased to 1 
A very small external stimulation is sufficient as long 
as it can induce this filament deformation \iter the 


motion is initiated, the residual action develops auto 


Schematic representation of a_plate-lik. 


bundle 
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spontaneous bending of the 


~ 


matically, resulting in the 


bundle 


The condition of filaments in water is very dif 


ferent from that of filaments in an In order to 


straighten the bent bundle in water, a force m 1s re 


y the 


quired Duri bending actiol therefore, the 


resisting force, having a magnitude comparable with 


n, must be overcome This countertorce, which 1s 


apparently much larger than Vn/2, must be 


1 
{ 


lated in a certain way in the part of the bundle above 


accumu 


the water surface In other words, this part of the 


bundle is exposed to an external foree pointing to 
wards the Opposite direction to the be nding direction 


of the part which is immersed in water Cherefore, 


when the bundle is immersed further, bends occur 


the opposite direction, as shown in Figure 13 Xep 


1] 


etition of these processes Will result in a crimp tor 


mation of the bundle Phi 


to the 


explanation also applic 


case where the entire length of the bundle is 


dipped at once; however, interference of waves may 


occur, 


The direction of bending of the tilament mass 1 


Ii it has a flat 


Figure 16, it 


determined by the shape of the mass 


plate form, as shown u bends most 


. 


a 


- 


evr. £5 


I 4 Mig 


. 


ad 


: 
fe 


vu" 
On the direct erpendicular 
ut 1 frou 


the y-z-plan 





: 


| 


( 


a b 


hic. 18.) Lhree-dimensional wave produced by a rod 
like filament bundle. (a) and (b) are 
tions perpendicular to each other. 


views from direc 


easily towards the direction perpendicular to the «2-2 
plane (refer to Figures 16 and 17), producing a uni- 
planar wave of filaments. 
mass is rod-like, its deformation results in a three 

dimensional wave, as demonstrated in Figure 18. It 
was found that in crimped rayon staple a transition 
from a uniplanar to a three-dimensional wave occurs 
in a single fiber. This means that the fiber has been 
located partly in the plate-like bundle and partly in 


the rod-like bundle during crimp formation. 


Hydrodynamics of the Coagulating Bath 


It can be deduced that the crimp originates from 
the coiling ability of individual fibers, and the latter 
is ascribed to the heterogeneous construction of each 
individual fiber. The next step is to study the causes 
of this heterogeneity. 

The most important factor which has an influence 
upon the crimp formation and cross section of fila 
ments is the composition of the coagulating bath, espe 
cially the acid content (refer to the introductory re 
marks and Figure 3 (a, b, and c) ). 

This 


suggests that the action of the coagulating 


On the other hand, if the 
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Fic. 19. Cross section of a filament spun through a 
single-holed spinneret. 


Serrations and skin are uniform 
along the entire outline. 


The same type of symmetrical 
cross section is shown in Figure 3¢ 


1000 *.) 


( Magnification, 


bath is a determining factor for crimp formation 
Thus far, studies on rayon spinning have implied that 
each viscose filament is uniformly surrounded by the 
bath liquor throughout its travel length in the bath. 
This could happen only when the 


spinneret has a 


single hole at its center and spinning is performed 
under no external disturbances of the bath liquor, 
which is running smoothly parallel with the filament 
In this case, the characteristic features of the cross 
sections, as shown in Figure 4+ (a and b), are not no- 
ticed even with the use of a bath of low acid concen 
tration. Figure 19 shows that a single-holed spin 
neret produces filaments differing in cross section. 
The above description is confirmed by the fact that 
filaments spun through a single-holed spinneret are 
practically straight after they are subjected to a hot- 
bath stretching operation (see Figure 20 (a and b)). 


The 


shown in Figure + (a and b) suggests that the lateral 


asymmetric structure of the cross section 
flow of the coagulation bath would give rise to a sig 
nificant behavior, which has hitherto been ignored. 
Let us consider the hydrodynamic conditions of the 
bath liquor during the ordinary spinning process of 
rayon staple. 

A spinneret that actually is used in the staple 
spinning industry has thousands of holes. Let us 
consider the flow of the bath liquor at P (Figure 
21), located close to the spinneret. A considerable 
amount of the bath liquor is continuously carried off 
by the constant flow of the viscose filaments extruded 


through the holes of the spinneret and taken up by a 
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t Godet 


A tilament 
Liquor supply 


A tilament 


\spinneret surface 


ic os ounter-current 


ood t 


stant! ul p al ans: \ es pace 


near the spinneret will eventually contain no liquor 


Hvydrodynaniucally, there are two principal method 


to accomplish this 


li the | of a spinneret are located sufficiently 


far apart from each other, the method of supplying 


liquor show igure 22 I to some 


degree | ‘ e, vortices will origin: between 


the filaments close to the spinneret surface, and thi 
may cause breakage of filaments whi have not co 
1 


agulated sufficient], It is known th: listance 


between holes 1s of great mnportance 10 satistactory 


spinning, and bad spinning conditions ; perienced 


when such inappropriate jets are u 
In spinnerets for practical use the distance between 
the holes is too short to allow for a considerable liquor 
supply, as mentioned above Pherefore, 
other method to maintain liquor 
a lateral flow, as shown in 
liquor passes through the viscose colum1 
manner as the wi masses through trees 
This lateral flow may visualized by 
, : F loci of insolu ll part le added 
Fic 20 Behavion of filament bundles composed of ‘i ; TY :. 
, KS eg? , liquor i ‘ 1 | by 
filaments spun (a) with a single-holed spinneret, (b) 


, eae pa a a ‘ee. ncetin. tan teal 
with a multi-holed (1,000-holed) spinneret. (Magnifi pinneret: gradual sates ; ae 


ation, 10 X.) vortex is then noticed 1 is neighborh« 





Liquor supply 


A filament 


& Spinneret surface 


due to vigorous suction of the liquor by the running 
filament bundle (see Figure 24). 

Since the filaments carry away the supplied liquor, 
the flow of the liquor becomes more in line with the 
filaments as the distance from the spinneret increases. 
At a considerable distance from the spinneret, say at 
Q in Figure 21, the flow of liquor becomes laminar. 
The arrows show the velocity gradient of the external 
flow. On the other hand, the liquor involved within 
the bundle is assumed to flow in a body together with 
the filaments lying close together. 

It is very important to observe that the primary 
action of the bath liquor is effected by the lateral at 
tack, as evidenced above. The bath liquor which 
strikes the apex of a viscose column flows along its 
surface and leaves from the opposite side, as shown 
in Figure 25. During this course the liquor is neu 
tralized at the column surface due to the alkalis in the 


Fic 24 


"ortex formation on bath surface. 
Vortex | t bath surf 
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Direction of bath 


liquor flow 
A q 


bundle of 
filaments 


from a 
spinneret 


b 
Fic. 23 


cle b 


Liquor supply by a lateral flow. a—Side 
Viewed perpendicular to the spinneret surface 
The circle ts a cross section of a filament bundle ea 


truded through a spinneret. Arrows show the direction 


of the flow of bath liquor. 
viscose. Therefore, the apex is exposed to a rela 
tively stronger acid, while the bottom is exposed to 
a relatively weaker acid. Strengths of the zinc sul 
Thus, the 
structure of filaments on both sides of the boundary 


fate and sodium sulfate are also different. 


line, the x-axis (Figure 25), should be different 
This primary reaction gives the filament its inherent 
character, which cannot be modified fundamentally 
during the later course of the spinning process or by 
any other means. Since the thickness of the liquid 
film on each column surface is very small in compari 
son with the distance between columns, it can be as 
sumed that almost all filaments extruded through a 


spinneret undergo similar reactions. 


Bath liquor 


ross sectio 
oN 


| Nes 


Flow of bath liquor on the surface of a filament 
(a viscose column). 
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Considering this action of the coagulation bath, the 
changes which take place in the upper, U’, and lower, 
L, halves with respect to the x-axis (Figure 25) of 
each viscose column should be discriminated from 
each other. 

Thus far, there is no conclusive means to determine 
which side of the column, (° or L, gives the thicker 
skinned part of the cross section of the filament Kc 
cording to the results of several experiments, how 
ever, it seems reasonable to assume that the 

) 


part 


of Figure 25 will produce the thicker-skinned part, 1, 


of the cross section sketched in Figure 4b. The apex 
is exposed to the normal bath liquor, and is subjecied 
to the normal coagulation. The liquor layer direct! 
covering the surface of the extruded viscose coluniii 
is neutralized by viscose and its chemical composition 
changes by degrees on its way to the bottom, until 
finally the liquor is unable to produce the normal skin 
In other words, the coagulation and cellulose regen 
eration in the bottom are very different from those in 
the apex, as long as the coagulation bath used has a 
comparatively low acid content.* 

The filaments prepared by the above method are 
next introduced into a hot bath, and a strong tension 
is applied. In this case, 


each side of the filaments 


acts differently in response to the tension. First let 


us consider the (’-side of the filament. Perfect crys 
tallization is hardly (in a relative sense) considered 
to take place on this side, since the cellulose xanthate 
molecules have already been fixed by the coagulation 
and partial regeneration produced by the preliminary 
action of the coagulating bath. Therefore, the cellu 
lose xanthate chains fixed by coagulation are not so 
straight as the chains in crystallites, but are partially 
coiled according to the condition under which the 
coagulation took place 


that the 


This is consistent with the 


fact cellulose xanthate filaments show a 


rubber-like elasticity to some extent in the moistened 
state. When the cellulose xanthate molecules asso 
ciated in such a structure are stretched under heating 
and subjected to a rapid cellulose regeneration, many 
hinged points between chains are produced at places 
where segments of chains lie close enough to be joined 
by the polar forces arising from hydroxyl groups or 
by the hydrogen bonds. The lateral bondings can be 


compared to the effect of vulcanization of rubber. If 


The skin formation is greatly affected by the composition 
of the coagulating bath. With decreasing acid content of the 
Muller bath, other conditions being the 
to be thickened to some extent 


same, the skin tends 
Below a critical acid content 


however, skin formation becomes difficult 
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the filament is released from tension at the wet state, 


the sections of each molecule which are intervened 


between hinged points will coil again to increase the 
entropy. This is the motive force of producing coil 
ing of the filament 


The I 


ently 


should behave differ 
stretched in the hot bath The 


in this part is coagulated to a lesser extent, and is 


side of the filament 


when VISCOSE 


more easily subjected to deformation than that in the 


(’-part. Since the elements existing in a cross sec 


tion are coupled mechanically in parallel im response 
to the tension, the thick skin in the (’-part responds 
greatly to the tension, while the main bulk of the / 

part is subjected to the action of regeneration under 
a small tension and the molecules and crystallites are 
randomly fixed in three dimensions. In other words, 
the L-part is more thermoplastic, and the shrinkage 
after the The ditter 


and / parts, as met tioned above, 


release from the tension is less 


ence between the [ 


is only in the rel ; se, but it can be great enough 


to produce the coiling of filaments, as long as the 


spinning conditions are suitable 


This theory may explain a number of characteristic 


properties of crimped rayon filaments For instance, 


filaments dried under tension remain straight even 


alter being relaxed, but when 


wetted they coil very 


actively The 


same thing happens in the case of the 


filament bundle Che bundle dried under tension 1s 


straight even in the relaxed state, but when it is 


dipped In Water fine crimps are produced ‘The ex 
planation for these phe ar 


When the 


] { Vlaq] 
colmy of Cellulose 


HWiena Way lye as follows 


filament is 1 the wet state, the 


molecules in the .f-part wall be 


straightened considerably, but can never be fixed be 


cause the cohesive 


forces between the chan 


by water molecules 


intervening between the chi 


Therefore, the recovery 


f coils or erimps of filament 


during repetition of relaxation is al 


most perfect in tl W lf the 
der Waal 


molecular chains le 


filament 


dried under tension, 


force exerted 


betwee etfective by de 


A , , 
Waller MMiecuics 


Colle 


grees with the removal ot betwee 


the chains, and finally the chains are fastened to 


gether. The filament cannot coil or crimp unle 


is wetted again Keven wh he filament repeat 
edly stretched and relaxed i | 


state, the iiter 


1 » 
will COLE 


chain fores 


and 


Thus, the 


finally the 
crimp TECOVCTYS 


state 1s not so gor ul as it 
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The behavior of filaments towards sodium hydrox 
A 3% 


caustic soda solution will act only with the amorphous 


ide solutions also agrees with this postulate. 


regions of the cellulose structure, and it widens the 
spaces between the cellulose chains, thus enabling 
each part of the cellulose molecule to behave more 
freely. Therefore, the A-part will contract more 


readily in the axial direction. Since, however, the 


B-part is less anisotropic, the swelling does not pro 


duce the axial contraction, 


prominent and, conse 
quently, the coiling tendency of the filament is greater 
in this case than it is in water. 

When the concentration of sodium hydroxide is 
increased to 9%, it reacts with the cellulose molecules 
in the crystalline region. Therefore, even the mole 
cules which participate in the crystallites move later 
ally apart from each other, and at last the structure 
of the A-part and that of the B-part approach similar 
end-states. However, the course of reaching this 
Since the B 


part is less anisotropic and has a lower average den 


swollen state is not exactly the same. 


sity, it swells in the strong alkaline medium both in 
In the “1 part the 
first 
because of its axial nature, but at the same time its 


the axial and lateral directions 


course is somewhat different. It contracts at 
anisotropic character 1s almost completely disturbed, 
as can be inferred from the disappearance of bire 
fringence. Thus, after a certain period of time, with 
increasing extent of reaction, it begins to swell in 
both the lateral and axial directions, as was the case 
in the B-part. However, because its initial apparent 


density is higher than that of the #-part, the percent 


a 


a-——Filament obtained by an oscillating jet (magnification, 20 *). b 


with an oscillating jet (magnification, 400 X). 
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age change in dimensions would be greater. This, 
perhaps, will cause the fiber to reverse the direction 
of bending. 

It is needless to say that hydrodynamic conditions 
are the same when spinning normal staples with cross 
sections that do not indicate any marked evidence of 
asymmetric construction. The acid neutralized by 
each viscose column will be independent of the bath 
composition, as long as the same viscose is spun 
under a specific condition. Therefore, the ratio of 
the acid concentration at the apex to that at the bot- 
tom approaches unity as the initial acid concentration 
increases. On the other hand, when a weaker acid 
is employed, the ratio deviates from unity, and, fur- 
thermore, there exists a critical acid concentration at 
which its action changes radically. This produces a 


two-sided structure in the filaments. Thus, it is con- 
cluded that the lateral attack and the composition of 
the coagulation bath are essential factors in producing 
filaments with asymmetric cross sections. 

Further findings corroborate the above conclu- 
sions. Filament samples taken at QO in Figure 21 
have cross sections showing asymmetric properties. 
Mechanical friction due to the tension guides, etc., 
therefore has no bearing on the formation of two- 
sided structures. 

The viscose is extruded into a specific bath of low 
acid concentration appropriate for producing crimped 
staple, taken up after passing through a distance of 


about 5 cm., and then immediately introduced into a 


b 


Cross section of « filament obtained 
Arrows show the direction of bath liquor attack. 
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normal bath of high acid concentration, which alone 
does not produce asymmetric structure in the fila- 
ments. The filaments thus obtained always possess 
the characteristic dual structure even after traveling 
a long distance through the second bath. When the 
filament bundle is subsequently subjected to stretch 
ing in a hot bath and then released, it produces fine 
crimps. Considering the fact that the speed of the 
filaments is about § m./sec., it may be concluded that 
the inherent structure is produced within a very short 
time—that is, in less than 0.1 sec. Accordingly, it is 
concluded that the properties of the filaments are de 
termined by the first attack of the bath liquor in the 
When the 


order of the baths is reversed, by first extruding the 


immediate neighborhood of the spinneret. 


viscose into a bath of high acid concentration and 
then into a bath of low acid concentration, the struc 


ture of filaments is normal and symmetric. 


As mentioned above, the cross section of a filament 


obtained by extruding the viscose through a single 
holed jet into a bath of low acid concentration with 
out any external disturbances shows a symmetric 
structure. However, when the jet is oscillated ini the 
lateral direction, say at a frequency of about 10 
cycles/sec., regular lateral attack of the bath liquor 
is produced, and the filaments thus obtained have 
crimp and a two-sided cross section, as shown in 
Figure 26 (a and b). 


Summary 


1. Very fine crimped staples, with crimps finer 
than those found in a superior-quality Merino wool, 
can be obtained by spinning the viscose into a specific 
low-acid coagulation bath and subsequently stretching 
a hot bath. The stretched 
bundles produce fine crimps when immersed in water 
When 


the bundles are plate-like, they form regular plane 


the filament bundle in 


or provided with a certain degree of moisture 
waves, and the crimps in the filaments are on the 


When 


three-dimensional waves are formed. 


whole uniplanar. 


the bundles are rod-like, 


2. The crimped filaments are characterized by a 
The serration 
and skin formation on both sides of a boundary line 


particular two-sided cross section. 


properly drawn through each cross section differ 
very much, and a thick-skinned side, 
skinned side, B, 


A, and a thin 
are observed. Each individual fila 
ment has a strong tendency to coil. This coiling 
ability of each individual filament is the motive force 


for producing crimp. Whatever the case may be, 4 
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is located towards the inside of the There 


fore, each filament is twisted by 180° at every transi 


curve 


tion point of the wave 

3. The fineness of the crimp (and also of the coils) 
is affected by the surrounding media. The crimps 
in rayon staple become finer as the medium increases 
its alkalinity up to the critical concentration of 3% 


sodium hydroxide. In a media 


stronger alkaline 
beyond this limiting concentration, the fineness of the 
crimp is reduced as the concentration of sodium hy 
droxide increases; the filaments become straight in 


an approximately 7° solution. At stronger alka 
linity the filaments crimp or coil again, but the direc 
tion is reversed. This dependency of coiling on alka 
linity supports our crimp theory 

4. Subsequent formation of crimps by the coiling 
action of each individual filament is discussed 
dynamically 

5. The 


crimped filaments may be produced by the lateral 


two-sided feature of cross sections of 


attack of the bath liquor upon the extruded viscose 
columns 
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The Skin Effect in Crimped Rayon* 


Wayne A. Sisson and F. F. Morehead 


Chemical Research Department, American Viscose Corporation, 
Marcus Hook, Pennsylvania 


Abstract 


In an earlier publication it was noted that the filaments of most rayons have a uniform skin. 


This skin is usually thicker in the strong, tougher types used for tire 
) YI 


yarns, 


1 cords than it is in textile 


In the present paper, the more recently introduced crimped rayon staple fibers are show1 


to have an unbalanced skin structure resulting from an asymmetrical distribution of skin around 


the core 
various types of unbalance 
described 


Tue MECHANISM of skin formation, its struc 


ture and its properties, as well as staining methods 


for showing the skin effect have been discussed pre 


viously by Morehead and Sisson [5]. This, to 
gether with later unpublished work, has shown that 
the skin possesses: (a) lower percentage of crystal 
linity with smaller or less perfect crystals ; (>) higher 
percentage of amorphous material with smaller and 
more highly 


ordered amorphous areas; and (c) 


higher degree of orientation. These differences in 
fine structure cause the skin to exhibit the following 
properties: higher moisture regain, slower dye ab 
sorption rate, higher extensibility, higher elasticity, 
and lower swelling 


Vhis 


utilized in the staining technique for showing the 
effect. 


difference in structure and properties ts 


skin Briefly, the technique consists of im 
mersing the mounted cross sections in a water solu 
tion of Victoria Blue B. This swells and stains the 
whole cross section, with the core having the faster 
rate of dye absorption and the resulting darker 
shade. If photographed at this stage, the skin would 
show up as the lighter area, as illustrated in the 
photographs of Horio [2]. In the method of More- 
head [4], and as modified by Hermans [1], how 
ever, the dried stained sections are immersed in a 
water-dioxane or water-alcohol solution. This treat- 
ment leaches the dye from the core but not from the 
skin, and permits the skin to be photographed as 


the darker area. 


* Presented before The Fiber 


Apr. 19, 1951 


Society at Atlanta, Ga., 


, and conditions necessary for building crimp into a fiber are 


Three general types of unbalanced cross sections, possible mechanisms for producing 
R J ] 


briefly 


Behavior of Viscose Film 


When a thin film of viscose is cast on a glass plate 
and regenerated with a bath which would normally 
give a filament with a skin and core structure, the 
top side of the film, which comes in contact with the 
bath, is similar to the outside of a filament in that 
it possesses a “skin,” while the bottom side of the 
film, next to the glass, has a “core” structure [4], as 
illustrated in Figure 1. Owing to the more highly 
swollen condition of the core side, the film wall usu 


When dried or re 


wet, however, the film may uncoil or coil because of 


ally coil towards the skin side. 


the yreater shrinking and swelling of the core side 


Thus we see that a 


film with a “skin and core” 


structure behaves toward moisture 


very much as 


the bi-metallic bar in a thermostat behaves toward 


temperature. If the film, on the 


other hand, is 
stretched and allowed to relax, it will now coil to 
wards the skin side owing to the greater elastic re 
covery of the skin. 


From the above it follows that if one can obtain 


an asvinmetrical filament which contains more skin 


Cross section of film, showing skin and 
core eff ee Fe 
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B A 


I: IG ? Cross Ser tron of conjugate jet 


on one side of the cross section than on the 
then the side 


other, 


with more skin will swell less upon 


wetting and will return to a greater extent after 


stretching 


In other words, it will crimp owing to 


the unbalanced condition of the cross section 


Production of Unbalanced Cross Sections 


fo our knowledge there are three general ap 


proaches to producing an unbalanced cross section: 


conjugate filaments; broken skin; and irregular ser 


rated cross sections. The first two approaches give 


cross sections which are somewhat similar in that 


they have a thick skin on one side and a very thin 


skin or no skin on the other side. They ditfer pri 
marily in the method whereby they are produced. 
Che third type does not contain a broken skin, but 
because it has more skin on 


is usually unbalanced 


one side owing to its shape 


Conjugate Filaments 


The term “conjugate filaments” is applied to fila 


ments which are 


spun in a special jet where two 


different viscose solutions are deliberately combined 
or conjugated to form a single filament 

Kor example, if a jet is constructed having a single 
row of holes across the diameter, as illustrated in 


Figure 2, and a thin septum, 


Bis placed directly 
above the holes, <1, then, by pumping a viscose which 
forms a thick skin into the space C on one side of the 
septum and a viscose which forms a thin or no skin 
into the other side, /), it is possible to force through 
the spinneret hole, 1, a column composed of the two 
viscose solutions side by side. Inasmuch as each 
viscose solution is supplied with a positive delivery 
that 


flow (no turbulence), the two different viscose solu 


and owing to the fact they give only viscous 


tions emerge side by side from the same spinneret 


Examples of conjugate filaments. 
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hole without mixing. They are immediately coagu- 
lated by the spinning bath to form a single conjugate 
filament, one half of which contains a thick skin and 
the other half a thin skin, as illustrated in Figure 3 
By placing the holes and septums in circles, it is pos- 
sible to spin a large number of conjugate filaments 
from one jet [3]. 

view of 


A. longitudinal conjugate filaments is 


shown in Figure 4. A small amount of pigment has 
heen incorporated in the younger viscose, which 
gives a thick skin, in order to differentiate better be- 
tween this half and the thin-skin half. Originally 
this filament had a spiral crimp, but it was pressed 
that the 
the bend, 
and between each maximum and minimum in the 


crimp wave the filament is twisted 180°. If the 


flat for photographing. It can be seen 


thick-skin side takes the inside track at 


filament had been cut into a short segment, it would 
have coiled and formed a circle, as discussed by 
Horio FAB 


fact that the filament shown here possesses an un- 


This crimping or coiling is due to the 


balanced skin-core structure and has been highly 
stretched. Since a skin structure has a better elastic 
recovery, it tends to tighten up more upon relaxing, 
inside track. If the 
then the 
swelling of the skin-free side may have caused it to 


and hence takes the shorter 


sample had not been stretched, greater 


Kic. 4. Longitudinal view of conjugate filaments. 
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take the outside track when wet, but reverse itself 
and take the inside track upon drying. In the com- 
mercial production of fibers, the skin usually takes 
the inside track since it is necessary to stretch in 
order to obtain sufficient strength. 

Thus, in the conjugate method of spinning, the 
degree of crimp can be controlled over a wide 
range by regulating the skin thickness, the extent 
of skin around the circumference of the filament, 
and the stretch and swelling treatments to which 1 
is subjected. For example, the crimps per inch may 
he varied from a few up to 40 or 50 for the smaller 


denier filaments. 


Broken-Skin Filaments 


A second type of unbalanced cross section, illus 


trated in Figure 5, will be referred to as_ the 


“broken-skin”’ type of cross section. Like the con 
jugate type, it consists of a filament having a skin 
around a portion of the periphery and the remaining 
portion having no skin or having a skin of relatively 
differs 


conjugate type mainly in that it is produced from 


thin to negligible thickness. It from the 
one viscose and without the assistance of a special 
jet. It is sometimes referred to as “chemical crimp” 
since it is produced by chemical effects in the spin 
ning bath. 

The exact mechanism whereby a broken-skin cross 
That the bath 
flow theory of Horio [2] does not apply here is 


section is obtained is not known. 
borne out by the fact that a crimped filament with 
a broken skin can be spun as readily from a single- 
hole jet as from a multi-hole jet, as illustrated in 
Figure 6. 

Without definite proof, the following hypothesis 


for broken-skin formation is advanced. During the 


formation of a rayon filament, the processes of 
xanthate decomposition, dehydration, and coagula 
The last 


processes tend to produce a rapidly shrinking skin 


tion all take place simultaneously. two 


while the center is still swollen or liquid. Thus, if 
the xanthate decomposition rate is slowed down con 
siderably by lowering the acid concentration in the 
bath, while maintaining the dehydration and coagula- 
tion at the proper high ratio, then the skin shrinks 
so fast and becomes so tight that it splits like the 
back of an insect shedding its old shell and the still 
fluid core bursts out, as one can imagine by inspect- 
ing the cross section shown in Figure 6. The viscose 
from the core, however, by now is already partly 








Nig. 7. Examples of trregular 


nism is further supported by the that 


when the irregular serrated type of filament is ob 


observation 


tained for a fixed spinning condition, then the fila 
ments from a given jet are less uniform in cross 


sectional shape than when a broken-skin type 1s 


obtained 


In this connection it should be 


pointed out that 
occasionally in practical spinning operations and fre 
quently under radical experimental conditions, tila 
ments may be obtained, the crimp of which is not at 
tributable exclusively to a broken-skin type of cross 
section nor exclusively to an irregular serrated cross 
section type, but to a combination thereof, as illus 
trated in Figure 8 Such filaments under borderline 
same yarn mixed with 


conditions may occur in the 


filaments of the broken-skin 


type or the irregular 


serrated type, or with both types 


Conditions for Obtaining Crimp 


Whether or not a filament will crimp is somewhat 
analogous to the problem of whether or not a beam 


oO 
s 


containing weights will balance, as illustrated in Fi 
ure 9. According to the law of the lever, the arm 


of the beam will balance as long as II ),/ WoL 
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serrated rOSS SCCHLONS 


and it may be made unbalanced by changing eithet 
Hor | 


ness being similar to Tl’ and = its 


If we can draw the analogy of skin thick 


average distance 
from the center being L, then it follows that the cross 
section will be unbalanced either when there is more 


tion or 


S . 


skin on one side of the cross sec when the 


Fic. 8 Cross section showing borderline condition 


between a broken-skin and a serrated cross sectior 





yreater distance than the 


other side from the geographical center of the core 


Perhaps it should be pointed out that having a 


break in the skin, or having the skin and core por 


distances 


tions of the periphery occur at different 
from the center, does not necessarily. mean 
ment is a pot ntial crimper kor ¢ xample, 


10 tilaments are shown that were spun from 


jugate jet by sandwiching an old viscose in be 
. 
ni 


two streams of voung viscose |6 Phese 


are not potential crimpers because the cross section 1s 


svmmetrical. Hlowever, when one does obtain a skin 


structure that is off-balance, then the varn 1s ; 1 


tial erimper and can be made to crimp by stretching 


and/or treating with a swelling agent and allowing 


] 


to drv relaxed 


Kulp 
Webb 
19045) 

\orehea 


Morel 
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A Study of Soiling and Soil Retention 
in Textile Fibers’ 


Grease-Carbon Black Soil-Cotton Fiber Systems 


Jack Compton and W. J. Hart 
Pextili 


I previous papers of this series the interaction 
aqueous dispersios fi arbon black v 
cotton fibers wa Paes \ wide range 
variables affecting ystems were given consid ther containing 
eration NN watl is concerned witl ere: s used in tl 

the action 

carbon black-cotton fib svVstems 

plicating soil entrapment factors 


} 


) Vathns oF fabri cottor fibers Were redu ed oO a low NEU, ,;Y1\ | “aN av ‘ l 17 dispersiot 


of O.1 to 1.0 mm. by chopping in the Wiley chia erease-{ ca hlacks give under com 


Mill Ina lates papel the effects of fabric structure 


on the nling and soil-retention properties 


and oth ctile fibers wi 
te 
] rh 2 procecdure 
Experimental vas. to. Pia ed | »n Gher (10 
1f Soil-Grease-Cotton Vys/ sin the art into the gre bon black dispers (100 


Presence of Surfae 


I:ettect of detergents 
classifying dium upon 
and greasy sou by choppy 
chopped cotton fiber use 
thre chopped fiber wu 
tions of various oil 
\iter tanding 
the solvent w: 

«ll apparel 
fiber sut 

Phe yre: 


pare ra} by 


1 
V commernrcia 


NR (sodiun 





AGENTS IN THE CLASSIFYING MEDIUM 1 


DISPERSING 
asY CHoprrep Corron FIBER 


DETERGENTS AND 
Som BY Gri 


EFrECT OF 


OF GREASE-FREE AND GREASY 


Reflectance 


removal 


] 


. iy 


CMC alo 


synthetu deterget 
S1Z¢ blacks 
aol greasy 


Greasy Fiber-Grease 


4 ribed above Wiis 
cotton fiber (area (sermant 
and Neo Spectral Black dispersi 
a Prenner Colloid Mill [1, 


were prepared 


ne usual mat 
the YTCUS\ 


much small 


lisp Tslol ( subsequent TEMIONVE 
studied were ap With Neo Spectral 


When the three type 


hopped Cott ! 1 


¢ 


ditferes 


retention effects resulted hh etter 
kere oF DETER RGENY 
1 S IS IN THE SominG MerpremM ure 
PROLEOM [TRELLY 


FiBER 


tiveness retention Wit i \ i ) 
1 . Noor Greasy (PI 


Spectral Black 1s ¢ follon ! 
Sor BY CHO 


petroleum jelly, 
cx epuror 


t] 


to 
yvariou deterges 
CMC is mucl 


types of gre 
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JELLY ON THE SOIL RETENTION OF 


Cuorprep Corron FIBER 


Reflectance of 


Greasy soil 


gvrease-free fiber 
GLB NSB 
Wet slurry 74 70 
Wet pad 76 72 
\ir-dried pad O8 67 
Oven-dried pad 10) 15 


the 


than Daxad, 


The latter materials were all 


medium has less etfect 


soiling 
Igepon-T, or Igepal-( 
of about the same effectiveness 


Ie fhe ct of the 


Grease 


presence of water in the various 


soil-cotton fiber systems.—TVhe various grease 


(1) 


) grease-free soil 


soil-cotton fiber systems studied were as follows : 


greasy soil-grease-free fiber; (2 


greasy fiber; and (2) greasy soil-greasy fiber, using 


petroleum jelly as the grease and Germantown Lamp 
black and Neo Spectral Black as the soils. The re 
sults obtained for various methods of treating the 


Table II 


It will be noted that the soil pickup for the greasy 


soiled fibers are summarized in 


soil-grease-free fiber system is very small for both 
the Germantown Lampblack and Neo Spectral Black 
when either the wet slurry or the wet pad is further 
classified with water. However, after air-drying, the 
wet-pad retention of both blacks was increased, and 
this effect was further enhanced by oven-drying. — In 
the latter case the Neo Spectral Black 


retention than the Germantown Lampblack. 


gave greater 
The grease-free soil-greasy fiber system showed in 
general yreater soil retention as water was removed 
from the system 


tral 


In this case, however, Neo Spec 
Black gave a much greater soil retention in the 
wet-slurry and wet-pad stages of the process than 
Germantown Lampblack. After air-drying and fi 
nally oven-drying, soil retention was increased with 
both types of carbon black, but the smaller particle 
size black was retained to a greater extent 


PABLE IN Errect OF ORGANIC SOLVENTS ON 


GREASY 


\cetone 


rHI 
Cuorreep Corron FIBER 


grease-soil-fiber system 


(Grease-free soil soil 
greasy fiber greasy fiber 
GLB NSB LB NSB 
65 16 64 63 
70 19 67 70 
x0 & 3 
& 3 13 


(sreasy 


In the greasy soil-greasy fiber system, it was found 
that the soil retention in the wet-slurry and wet-pad 


both 
Lampblack and Neo Spectral Black, but upon air 


stages relatively low with Germantown 


was 
drying, the Neo Spectral Black was retained to a 


much greater extent. After oven-drying, both blacks 


were retained to about the same extent, with reflect 
to 15% 
Effect of organic solvents on the bonding of grease 


ances of the order of 13% 


free carbon blacks to greasy chopped cotton fiber.—In 
this series of tests the chopped cotton fiber was 
treated with petroleum ether solutions of Nujol, pe 
troleum jelly, and Snowdrift as described previously 
The 


treated 


greasy cotton fibers thus obtained were then 


with aqueous dispersions of 
Lampblack and Neo Spectral Black 

and classifying with water, the soiled pads were dried 
Lz) 4 


Stoddard solvent 


Germantown 


\fter drying 


and then classified with etone, (2) benzene, 


and (2) \fter solvent classifica 


tion, the fiber pads were again dried and classified 


with water. The reflectances of the pads at each step 
of the process are given in Table I\ 

It will be noted that with acetone as the solvent the 
breaking of the yrease bond causes a marked decrease 
in soil retention in the presence of this solvent, witl 
Germantown Lampblack, and this retention is not 
further greatly decreased in the presence of water 
As previously noted, Neo Spectral Black 1s retained 
to a much greater extent than Germantown Lamp 
black, and the 


removal of the grease bond has littl 


BONDING OF GREASE-FREE CARBON BLACK TO 


‘ 


Reflectance ( 


Jenzene Stoddard solvent 


GLB GLB GLB NSB 
Grease x” 2F £82 I] Till / a Fa2 
None 1 40 41 ; 9 40 1 400 «640 
Nujol 14 40 44 ; ; 28 34 ; 14 14. 38 
Vaseline 6 11 12 ; 3 11 }) ; 3 29 
Snowdrilt 6 412 2 - 14 


* 7, water classification; 7/7, solvent classification; 77/7, water classification 
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or no effect on soil retention with any of the greases 


1 


used. In general, the Nujol grease bond causes less 


soil retention than either Vaseline or Snowdrift whet 
With Neo 
Spectral Black, on the other hand, Nujol and Snow 
Vaseline Vee 


( xvgenated solvent, decreases soil re 


the large particle black (GIB) 1s used 


drift retain soil less tenaciously than 


tone, being ar 


tention during classification to about the same extent 


as water 


Turning now to the use of benzene as the gre: 


~ 


tractant, it will be noted that the breaking 


vrease bond causes a decrease in soil retention 


~ 


presence of the solvent and a further decrease upot 


subsequent water classification This is particularly 
Germantown 


true where Lampblack is the soil 


However, the effectiveness of benzene extraction 1 


follown vy 


Vaseline. The 


water 


retention decreases in the 


Nujol, Snowdrift 


causing less soil 
order of greases 
classification 


Nujol, Snowdrift. When 
Neo Spectral Black is used as the soil, the effect ot 


effectiveness under subsequet t 


1] 


falls in the order: Vaseline, 


the extraction with benzene 1s small 

When Stoddard solvent is used as the extractant, 
the retention of soil is unaffected while in the pres 
ence of the solvent, and upon classifying the extrac ted 
decrease in soil retention occurs 


With Neo Spectral 


fiber with water, a 


with Germantown 
Black the 


has little effect on soil 


Lampblack 


removal « f the grease 


~ 


retention, while in. the 


presence of the Stoddard solvent and subsequently 1 


the presence of water In the case ol the Germat 


town Lampblack soils, the type of grease used was of 


sone with Stod 


Mnportance Thus, after extraction 


dard solvent and water, the re flectances of 


11 


the grease-treated lin the following increas 


Pretreatment of chopt 


from purthed cotton prin 


Ss, grease, and wax on the rate o 
change th re flectance 
free Neo Spectral Black 


mg medin 


REFLECTANCE 


ising an aqgueots grease 


dispe rsion 


as tile S¢ 


ny order Snowdritt. Vaseline 


Nujol Phe 


for this difference is not apparent at this 


Formation and “Thermal Stal 


hon Black-Cotton Fiber § 


seus 


te determination 


made using gre: fiber prepared 


method given in the previous section with 1‘ 


ree Neo Spectral Black dispersions Phe tech 1yue 


] 


emploved was thi same as that desertbed 1 a previous 


13] Pypical 


1 


papel uding a vrease-tree 


fiber control, are vy 1 “IW Phe tibet 


were 


prec ated with 5°! 1) petre leum 


(/) mineral oil 


} 
1) 


shortening ), 


beeswax before soiling losely simular 


] 


curves were found soil depr sition o1 


the vreasy ( Ira and beeswax-treated 


other 


whereas the 


11 


and nuneral oil fal 


1 


trol also ta 


former curve soiling rate for 


le first two types ¢ incicated, but 


even with these there 1s in the ri 


complex tormation, and practically the same fin 


obtained, which would 


surface contour and in 


omplex formatior 


Print Cloth 
« *#S5R Pet Jelly 
+ 5% Minera! 01! 
« 3% Snowdritt 
+5% Beeswor 


TIME (in minutes) 
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liffect of primar Particle Sls. 
rate of change in reflectance 


grease-, and 
= Print Cloth grease-free:carbon b 
" « + Beeswax 
+ Pet Jelly souing medium 
+ Snowdrift 
+ Mineral Oi! 


REFLECTANCE 


50 75 


PRIMARY PARTICLE SIZE (mp) 


and 55 mp reported [3] in the case of grease-free prepared by the methods given in the preceding 


cotton fiber, which is shown by the curve for the co tions of this paper. The soiling dispersion used was 


trol (see Figure 2). While there is some displace a 1% dispersion of Aquablak B (average primary 


ment of the individual curves over a fairly narrow particle size, 30 mp, Binney and Smith Co.), prepared 


range, particularly for the larger particle sizes, the by diluting the commercial 3547 paste with the neces 


y 
shape and contour of all are evidently very similar sary volume of 0.15% solution f Daxad-23 


Phis would indicate that again no mayor changes ot results obtained are given in Table \ 


y 
the contour of the fiber) surface occur when the there was no significant difference betwee 
yreases are absorbed by the fibers ’ ries classified at 20°C and those classified 


1 


primary deposi Phe amount of soil deposited o1 


Coefficient of thermal stability of | 


tion complexes ino grease-carbon black-cotton” fiber -with petroleum jelly was somewhat 


systenis In view of the preceding results, it was the control, as judged by reflectance measurements, 


thought of mterest to determine the thermal stability while the amount of soil deposited on the fibers 


of the complexes formed by primary deposition of — greased with mineral oil was somewhat greater. It 


carbon black soil on greasy cotton fibers. It has a is possible that these results may indicate minor 


ready been shown that the mode of bonding for sec changes in surface contour, but the nature of the bond 


ondary deposition where grease is present differs is apparently the samc In other words, prior to 


from that obtained with grease-free systems. The drying, the original bond formed in these svstems 


technique employed was the same as that deseribed — micro-occlusive, or geometric, in nature whether 


ina previous paper [3], and the greasy fibers were grease is a component of the sv 


PHERMAL STABILITY OF GREASY CHOPPED Corron FIBER-CARBON BLACK Soi COMPLEXES 
If, \OvuaBLAkK B DiIsprRSIONS 


Reflecta 
1) ¢ 
Number Py pe I ! ss] ) ssificatio 
1 Petroleum jelly . 6G 
) Mineral oil A 16 
Snowdrift 3% 0) 
Beeswax Or ; 24 


Beeswax ; 22 


None 
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Primary Deposition of Grease-Free Carbon Black Soil 
on Various Types of Textile Fibers * 


W. J. Hart and Jack Compton 


Institute of Textil 


Ix previous papers of this series [2, 3, 4, 5]. the 
factors affecting deposition and retention of carbon 
black on chopped cotton fibers in aqueous. systems 
were studied. It was found that the submicroscopi 
rugosities on the fiber surface are of primary impor 
tance in determining the extent of permanent soil re 
tention \ geometric mode of attachment of the soil 
was suggested as probable in view of the behavior of 
the systems considered 

It is, naturally, of interest to determine whether 
such a mode of soil binding is peculiar to the cotton 
fiber, or whether it 1s a general phenomenon inde 
pendent of the substrate 

The relative suspending power of various surfac 
tants and mixtures of surfactants in aqueous solution 


was also studied using cotton fiber as the substrate 


[3.4]. 


cations of the conclusions drawn were of such impor 


The practical as well as the theoretical impli 


tance that it was considered necessary to extend this 


study to include other fiber materials. This study, 


therefore, deals with the mode of soil deposition and 
retention as well as the relative suspending power of 


various surfactant systems in the presence of a series 


of commercially important fibers as substrates. The 


chopped-fiber technique employed in studying cotton 


s 


fibers has been extended to include linen, viscose 


ravon, Fortisan, nylon, silk, and wool fibers 


Experimental 


Kour types of studies were made on a group of 


chopped textile fibers, including cotton, linen, silk, 


wool, nylon, viscose ravon, and Fortisan, slurried 


with aqueous dispersions of carbon black of various 
clete r 


average primary particle sizes—namely, (7) 


inination of fiber surface crevice area distribution, 
using carbon blacks of different primary particle sizes, 
(2) determination of soiling rate, using an ultrafine 


gas black, (2) a study of the suspending power on the 


* Presented before the Fall Meeting of The 
at Princeton, N. J., Sept. 10, 1952 


Fiber Society 


Tec hnology, 


Charlottesville, Virginia 


various substrate fibers, using a group of surfactants, 
and (7) a study of the thermal coefficient of stability 
of the various soil-fiber complexes 

ach of the fiber samples used in this study was 
prepared from commercial white fabrics or yarns by 
chopping in a Wiley Mill to a length of O.1-1 


as pre viously deseribed for cotton fiber 


Wl., 


The ( hopped 


fibers were then scoured for 30 min. at 7ZO°C in a 


0.5% soap solution to 


finishing oils, and 


rinsed free of soap by successive decantations witl 


remove 


tap water. The process of decantation also elimi 


nated the fines from the chopped fibers 


Surface Crevice 
Fibers 


Area Distribution of Various Textil 


This function was determined by the method previ 
|2, 3] 


freshly milled dispersions of carbon blacks of varying 


ously described using 14 concentration of 
primary particle size. 
400-111 


scoured fiber. 


To 200 ml. of the dispersions 


ina beaker was added 5 g. of chopped and 


The slurry was stirred for 30 mu 
with a variable-speed mechanical stirrer operating at 
about 600 rpm. and set about 1.5 em. from the bot 
tom of the beaker \t the end of the soiling period 
the slurry was diluted to 1 liter with tap water, and 


When 


supernatant liquid was obtained, the slurry was de 


classified by successive decantations a clear 
canted, diluted to 500 ml., and placed in the Waring 
Blendor. — In 
12,000 r.p.m., the current was switched on 10 sec 
otf 10 sec \iter this 


quence, decantation was continued until a clear super 


this machine, which operates at 10 


. and on 20 sec. agitation se 


natant liquid was again obtained. The fibers were 
then made into a pad on a Buchner funnel, the pad 
was dried at 105°C, and the reflectance was obtained 
This 


instrument was calibrated and checked frequently by 


by using a Model 610 Photovolt Reflectometer. 


using enamel plates obtained from the National Bu 


reau of Standards. The results obtained are shown 


in Figure 1. 





REFLEC TANCE 


50 


PRIMARY 


The natural fibers give ane characteristic group ot 


curves, while the synthetic fibers studied give another 
Phe remarkable apparent smoothness of nylon fiber, 


as indicated by the low soil retention, may be due 


either to the melt-spinning 


s 


method of production, 


which might result in a surface similar to glass fiber, 


or to the low wettability of the fiber, which may u 


hibit penetration by the soiling dispersion into the 


surface irregularities 


Of the natural fibers, cotton and linen resemble 


each other in behavior most closely, as would be ex 


pected. The lower reflectances of silk and wool 


fibers after soiling do not necessarily indicate greate1 
surface roughness, but may in part be due to a higher 
rate of soiling over the time period studied. It is 


] ] 


evident, however, that the distribution of crevice di 


ameters is much more uniform for wool than for the 


other fibers 


Rate 


of Soiling 


The rate of fiber soiling was determined as fol] 


50 g. of chopped fiber was added to 1 liter of a 1% 


dispersion of Neo Spectral Black * (primary partiel 


size, 13 myp) This slurry was stirred continuously 


with a variable-speed mechanical stirrer operating at 


+ 


The mention of trade products 


dorsement by the Department ot 


products not mentioned. Differences 


obtained with trade 


products do no 


ority of any one over any other in tl 


these products are normally intended 


tOnuOWS : 


*COTTON € 
@ = FORTISAN 
d= LINEN 
® = NYLON 


RAYON 
@ = SiLx 
@« woo. 


75 


PARTICLE SIZE (my) 


l 


about 800 r.p.m. and set about 2 cm. from the bottem 


of the 2-liter beaker containing the mixture 


Mliquots of 100 ml. were withdrawn at the specified 


times and classified as described above The reflect 


ances of the tibet pads were plotted a emilog papel 


against the lengtl of time the tibers were nu he 


carbon black di S10 Phe rate of primary depo 


sition of carbor fibers 1 how 


in Figure 2 


Soing aniunal fiber ilk 
reflec 


other natural fibers 


rates are high for 


and wool, although silk shows a final tance value 


11 


well above those for the 
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Soir SUSPENDING Power (S.P.) OF CERTAIN SURFACTANT COMBINATIONS FOR VARIOUS TEXTILE FIBERS 


Viscose 
Forti al s 1 ! \ I rayveo 
Form R” SF es ? R 
1. Control } 38 56 
» CMC. 0.5% ; RG 
$. Ivory Snow, 0 
4. Arctic Syntex 


( 5 32 

0.5% ; 70 

5. !lvorv Snow, 0.55, +CMC, 0.025°, 5 57 
Ivory Snow, 0 o+SCS, 0.0255, 

Ivory Snow “| +CMC, 0.0125", 

t+ Elyanol 51.05, 0.0125°, 

Ivory Snow, 0.55, +SCS, 0.0125°, 

+Elvanol 51-05, 0.0125°; 

Syvntex T, 0.55,+CMC, 0.025°, 

Syvntex T, 0.557, 4+SCS, 0.025, 

Syntex T, 0.56, +CMC, 0.0125°, 

tElvanol 51.05, 0.0125°, 

Syntex T, 0.56, +SCS, 0.0125, 

+E lvanol 51-05, 0.0125°, 


rauwm= UN 


( 


* Reflectance 


Fortisan, and the high-tenacity tire-cord viscose rayon The surfactants studied included: Ivory Si 


low saturation val (commercial fatty-acid soap); Arctic Syntex T (¢ 


ues—ie., high final reflectance values. Cotton and H,.CON(CH,)C.JH,SO,Na); CMC (sedium  ¢: 


tested show low soiling rates and 


linen are intermediate, showing low soiling rates but) | boxymethylcellulose, purified grade, medium viscos 


~ 


high saturation values—1. low tinal reflectance itv, Type 70, Hercules Powder Co.) ; SCS (sodiun 


values cellulose sulfate, medium viscosity, Tennessee 
man Co.); and Elvanol 51-05 (4 


Suspending Power of Surfactants Phe mportance of the influence the fiber sub 


strate on the suspending power of the surfactant ts 


Phe suspending power of a group Of surtactants evident (Table 1) The four cellulosic fiber mate 


was studied, with each of the various textile fibers rials resemble each other in relative behavior toward 


WW) 


enumerated above as substrates ditferent surfactants, but the other fibers are strik 


Phe procedure employed was as follows: The sur ingly diverse in behavior Phe negative suspending 
] 


} 


factant or surfactant mixture of specified concentra power values found for nylon may be due to the low 


tion (Table 1) was dissolved in 200 ml. of 1% dis wettability of this fiber, except in the presence of 


persion of a gas black, Aquablak B, with stirring materials producing low surface tension 


Five grams of chopped fiber was then added, and the Synergism of surfactant combinations also varies 


slurry was shaken for 30 min. on a reciprocating table with different fiber substrates, as might be expected 


shaker with a 2-1n. stroke at 60 ecvcles/min. The 


liter with water and clas Thermal Coefficient of Soil-Fiber Compl 


slurry was then diluted to 1 hi 


sified as described above = , 
Phe thermal coefficient of stability of the soil-fiber 

’ 1 - . } 
he results obtained are summarized in Table | , - 
| u . l complex Was determined in the follown Y manner tor 

ot ‘. >. 
, Sao l ly s all he r =< « \ “ . > “ ’ - } 
Phe suspending power ts caleulated by the Bayle the various textile fibers previously enumerated and 
Weatherburn equation {1 | 


also for deacetylated cellulose acetate, aminoethvlated 


’ cotton prepared by Southern Regional Researcl 
B B,. & 100 ties 


Suspending powet B B ; Laboratory, bright mercerized cotton, dull viscose 


ravon, and cellulose acetate. The 10 9. of ch 


where B reflectance of sample soiled with the sur fiber was stirred with 200 ml. of a 1 dispersion ot 


tactant present, Bb, reflectance ot sample soiled a gas blac k. \quablak LB. tor 30 man The slurry was 


] 


without surfactant, and B reflectance of unsotiled divided into two portions and classified as previously 


sample deseribed. One portion of the slurry was classified 
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form of mechanical agitation resulted in a relatively ompton, J.. and Hart, W. J., nd. ing. Chem. 43 
1564 (1951) 

ompton, |., and Hart, W. J.. Jad. eng. Chem. (in 
press 

ompton, J., and Hart, W. J.. Textitre Reskarcu 
JouRNAL 23, 158 (1953) (this issue) 

Literature Cited Hart, W. J., and Compton, J.. /nd. E:ng. Chem. 44, 


1135 (1952) 


large decrease in soil retention by the fiber, whereas 
the introduction of a large quantity of energy as ther 


mal energy had little or no effect 


Bavley, ¢ H., and Weatherburn, A PEXTILI 
ReskarcH JourNAL 20, 510 (1950) 
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Viscometric Studies of Cellulose in Cotton 
in Relation to Mechanical Processing * 


Carl M. Conrad and Ralph A. Rusca 


Southern Regional Research Laboratory,+ New Orleans, Louisiana 


Abstract 


\ study was undertaken at the Southern Regional Research Laboratory to determine whet! 


or not the mechanical processing of cotton fibers into yarn causes any chemical degradation 
the cellulose The study seemed timely in view of a report [22] indicating that the mechanical 
processing of cotton into yarn by conventional textile machinery causes as much as 30% average 


reduction in intrinsic viscosity 


] 


Studies were made on four sets of samples which had | 


been treated as follows (/]) powce red 


tt 


ina Wiley mill; (2) processed a number of times through a new type of textile cotton opener 
leveloped at the Southern Regional Research Laboratory; (3) mechanically processed in essen 
1 


tially the same manner as in the study referred to above; and (4) portions of the same samples 
used by Krieble and Whitwell | 22 

Phe viscosity measurements determined by the methods employed at the Southern Regional 
Research Laboratory failed to show any demonstrable chemical damage to the cellulose whicl 
could be associated with processing. When the new method described by Krieble and Whitwell 


} 


was applied to the viscosity data, the linear plots depended upon for extrapolation could 1 bn 


obtained 

It was concluded that the damage previously reported to have been found is not fully supported 
by a statistical treatment of the data; also, that chemical damage 1s not produced in ordinary 
cotton textile processing to any appreciable extent, although it might conceivably become notice 
able in excessively processed cottot Some suggestions are given to explain the failure to secure 


linear plots by the suggested new method 


HETHER OR NOT the normal mechanical importance to the cotton industry While it has 
| 

yrocessinge of cotton attending its manufacture into been known that the application of severe mechanical, 

| g g | 


yarn results in any chemical degradation to the cellu ultrasonic, or other vibrational forces causes consid 


lose is a matter of considerable interest and some erable breakage and shortening of the molecules of 


. other types of linear high polymers |[14, 16, 17, 26, 


Presented before Section 15, International Congress o 
Pure and Applied Chemistry, meeting in New York City, 
Sept. 10-13, 1951 volved in normal textile processing approach this 

+One of the Laboratories of the Bureau of Agricultural 
and Industrial Chemistry, Agricultural Research Administra 
tion, U. S. Department of Agriculture 


29, 37|, it has not been thought that the forces in 


degree of severity. Recent studies by Whitwell and 


his associates |22, 41], however, have seemed to indi 
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cate that chemical damage during processing 1s con 122). generously made 
siderably more extensive than had been previously same set of samples whicl 
thought 
One of the complicating factors bearing on whethet Methods 
not chemical degradation occurs in cotton ts that 


associated with the degree of polymerization (D.P.) sity measurements were 


of cellulose The D.P. is ereat in cotton that it §8FOU HW samples by method 
previous 


= oe ve “ 
as are necessary for onventional viscosity les were dewaxed 


is not possible to prepare Newtonian solutions, sucl 


al 
measurements of chain eth Many attempts have a 4-hr. extra 


been made to deal le viscometry of not 


Newtonian solutions {1—5,'8-13, 15, 19, 20, 23-25, water 


27, 28, 30, 32, 34, 35]. but in most cases the deviations CTY al 


from the ideal conditions have been relatively slight he 


| . ’ er 1 
In the case of solutions of undegraded co ton ce THe 


> asp) 4 
lose, the non-Newtonian behavior is verv much n special Teature, 


nified In the attempt to determine the presence ot than Marti 
absence of chemical ce gradation in cotton, a solutiot 

had been proposed to this problem also |21, 22| 

1 


The work reported here was undertaket amplify 


study of the influence of mechanical processing 


on the cellulose chain length in cotton Viscosit 


determinations were made on four sets of samples 


which had received different) pro ne treatments 0 Nts 


Methods of 1 terpreting Viscosity lata were also BVOU, OUug toi poor 
considered and determination were 
of approximately 0.05, 0.10 

Materials tion, in a num 


also at 0.025 g 
The samples for the first group Of measurements the results 
were kiered and lightly bleached cotton material 

which had been studied previously at the’ 

Regional Research Laborators Phese sample S we 

powdered in a Wiley mull, and thet 


damage to the cellulose molecule 


The second group of measurements was made 
samples that had been taken in connection with a 


study of the effect of the Southern Laboratory's new 


I 
of the fiber Cotton ha 


different concentration 


type of cotton opener [36] on the physical properties 
] 
‘ 


hee passed through the 
opener up to five times, which was assumed t the same experimental 
} rOYTeSS > wore dras MOceSSING if 5 ‘ 
in progressively more drastic processing ; at 1D. P.’s from about 100 to. 5000 16} 
successive passage a sample had been remove oxte 


fiber analysis 


\ third group of measurements was made on co 
processed conventiol ally iB the | aly ratory s experi 


mental textile mill. Samples were removed 


stage of processing up to and including spinning 


| y 
For a fourth group of measurements, Krieble and 


Whitwell, who had reported finding degradation 


~ 
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in which the subscripts ce and 6 are the mean 
reduced viscosity’ and slop re pect vely, inc ( 
is the mean of the concentrations employed Phe 
standard errors of Krieble and Whitwell’s intrinsic 
viscosities were computed by using an equation 
stricth parallel to that given above, in which the 
subscripts | 7 | and ,, ¢ were replaced with log 


and log (¢ c), respectively, and 6 represented the 


slope of the log function to give o Phe stand 


ard error, o),;, ol the intrinsic viscosity was then 


derived by transtormation, according to the equation 


Results and Discussion 


und ii 


ferent grindin: 


IDITIES ANI 
* SAMPLES I 
ND WHITWELI 


1 ] 
Mn equipped 
tre 
jr 


al \\ ile \ 
Work 








Cotton | 
(Co-434) 


| 
| 


Purified 

(= Wood Pulp 
(Co- 3753) 
| 


REDUCED VISCOSITY COUNTERPART, %,,/c 


| oe 
! 

| incon Rayon 
(Co-3748) | 


| 


L2 L6 2.0 2.4 
CONCENTRATION, G./DL. 


fo concentration for 


Relationship of reduced viscosity counterpart 
thre 
molecular weight The 


Wi 


samples differing widely im 
estimated D.P.’s were 


TSO0,; and viscose 


cotton, 


wood ce lulose; rayon, JU 


Application of the Krieble and Whitwell method 


Phe method of treating the data used 


by Krieble and Whitwell was applied to the meas 


VISCOSITY 


urements made on their samples at the Southern 


Laboratory, the functions log (4,/¢) being plotted 


agaist concentration Curves similar) to those 


shown in Figure 2 were obtained for the intermediate 
picker lap, the curvature being less pronounced 11 
some cases and more pronounced in others. leven 


in Figure 1 the curve for the raw cotton showed a 


distinct -curvature at the low concentration end, al 
though this is not easily detected in the figure | 
cause of the large intervals of concentration used 
(The curves for the other two samples represented 
in Figure | were not carried to low enough concen 
trations to test the presence of curvature. ) 

Phe possibility that the curvilinear nature of these 
curves, im contrast to the straight) lines) which 
Krieble and Whitwell [22] obtained, might be due 


When 


were corrected to eliminate. the 


to large kinetic energy losses was checked 


the times of flow 
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A2 16 .20 -24 
CONCENTRATION ,G./0L. 


PIG. Z 


concentration for raw cotton cellulose in cupriethylene 


Plot of reduced viscosity counterpart against 


diamine reagent Solid curve was not corrected, broken 


ve was corrected for kinetic energy 

energy effect and the resulting data were replotted, 
the shape of the curve (Figure 2, broken line) was 
not changed The possibility that the rate of flow 
was above the critical Reynolds number, and there 
laminar, was also checked. In_ the 


fore not truly 


nrost extreme cases the numbers lay between 6 and 
120; the critical range for Newtonian liquids is gen 
erally accepted to be 2000 or more It did not seem 
that the non-Newtonian nature of the liquids should 
cause much change in this critical range 

Obviously, the nonlinear nature of these curves 
mnakes extrapolation to obtain the zero intercept un 
certain considerable range, and no 


=) 


within a ver\ 
precise distinctions could be made in the curves from 


Had the 


been carrie d 


the different textile processing products 
Whitwell 


out to lower concentrations, it is possible that curv 


observations of Krieble and 


linear plots would have been obtained also. [It is not 


otherwise readily understandable why the absolute 


level of their intrinsic viscosities (Table T11), which 


were adjusted to be at zero rate of shear, were as low 


as or lower than those obtained at this Laboratory, 


where the intrinsic viscosities were adjusted to a 


It has been 
demonstrated [4, 6] that in non-Newtonian solutions 


rate of shear of 500 reciprocal seconds 


intrinsic viscosity increases as the rate of shear de 


creases. However, it is evident from Figure 2 that 





tered) suthicier tly, 


asily possible tk 


Summary and Conclusion 


Results of viscosity measurements on various me 
chanically processed cottons by methods im us 
the Southern wional Research Laboratory 


degradatu 


cated no det ‘ les | l Wa 
the cellulose except Sau subjected to 
severe torces ot grinding three Lies ma Wiley 
fitted with an SO-mesh scree 

By the use of a different stati al analysis of the 
leat 


( 
le 


a, Which were imterpreted by other investigators to 
indicate chemical damage due‘to mechanical pro 

Ing, the present authors conclude that in only one ot 
the samples did the intrinsic viscosity of the cellulose 
difter sigmihcantly from that of any othe aunapole 


Vhis difference did not appear to be associated with 


processing ac low 


\ttempts to apply the Krieble and Whitwell treat 


ment to viscosity data obtamed at the Southern 


+15 
CONCENTRATION ,G./DL. 


Regional Research Laboratory gay se to curve 


rather than straight line when the logarithms ot 


tationship of z to concentration for 


; ' reduced) viscosity counterpart 
mtermediate picker lap of Table III 


+t ‘ 


vere plo ted agan st concentration 

1 | It is concluded that i chemiueca legradation o¢ 

the imtercepts computed without benefit of observa 
: = curred im any the produets of { processing 

tions at the lower concentrations would fall at a lower 


value than if computed with the inclusion of thes 


studied here, which was considered to i normal 


degree ol severity, it wa ton mall | demon 
observations. ; ; ; 
an i the methods appl 
In addition to the curvilinear nature of the log 


~ 


(.4,/c) tunction with concentration, it was found 
Acknowledgment 


s 


also that when the values are plotted against con 


centration within the range 0.05—0.3 g./dl., curves authors ; ased to acknowledge the valu 


concave to the concentration axis are ol able ass 1s ida M. Ziutle, who made 
> 1 
is shown in Figure 3 the computations us n tl tudy and pre 
\ possible explanation for the differences in_ the pared the figure 


shapes of the curves was suggested by a study of 1 C. Whitwell. 
logarithmic flow curves of cellulose nitrate in butyl \ available portion 


acetate, published by Philippoff and Hess [33]. The wand Mr. |. Gi. Krieble ha 


results, which have been pre sented elsewhere | 


showed that for a similar viscometric system not only Literature Cited 
can such nonlinear curves be found, but also much 

more exaggerated types, depending upon the concen 
trations of the solutions and the viscometric condi 
tions employed. They showed, in fact, that straight 
line plots represented rather unique conditions, and 
were exceptions rather than the rule If a similar 
situation should hold for cotton cellulose in cupri 
ethvlenediamine solution, and if the viscometric con 


1 1 


ditions of measurement at the two laboratories dif 
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Degradation of Cellulose During Mechanical 
Processing 


Part III: A Comparison of the Evaluation by 
Viscometric Methods* 


John C. Whitwell and Robert F. Schwenker, Jr. 
Textile Research Insti / / , C7 lers 


Abstract 


i calculation 
mec} ical processing 14] are 
Was entirely 
and methods of comparts 
amie problen has been inves 


lings [&, 14] are 


Previous publications [8 14] from 1 lal Vas proc 


tories have shown that chemical degradat Laborator 


‘otton occurs during 


g normal mechanical mill pre ture, New 
lhe evidence cited was the progressive d various 
sic viscosity 7 as mechanical .} ipped to 


Ing lv: where the trl Viscosity i \ccording 


y 
considered to an index ot molecular weight 
SIZ \ paper [4] from another laboratory has re 
ported no degradation 

rhe work herein presented was therefore undet 
taken with three mayor objectives ino view 


amplification of the earlier work; | 
techniques and methods of analysis 
the explanation of the differences 
sions of the two research groups 

lwo sets of experiments on the same 


he discussed : first, those }« rformed along 


with methods as outlined in the previous publication 
] | 


reterreqd to above: and, second, a se ot experime 


pertormed by AS | \| methods 


Materials 


a Stoneville 


Mississippi 


1949 
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aumnidity The attainment of a uniform equilibrium 
humiudit I] tt t of f juilil 
state for all samples was assured by the use of a 


blower which continuously forced conditioned air 


through the sample at a rapid rate. Uniform sam 


ple conditioning was achieved in an hour or less 


COUNTERPART METHOD 


Experimental 
The 


analagous to those 


following material deals with experiments 


previously reported from these 


laboratories 


Ipparatus and Procedure 


\ll viscosity measurements were made at 25.0 
0.03 ¢ 
total driving pressures ranging from 10 g./em.* to 
30 g./em 


in a Cannon-Fenske viscometer operated at 


Phe normal pressure when the viscome 
ter is operated without the application of external 


pressure is of the order of 10 g./cm The 


vy exper 
mental method was fundamentally that of Krieble 
and Whitwell [8], but 


modifications which are 


included SOME 


unportant 
subsequently specified and 
discussed 

Samples were not pretreated by passage through 
a Wiley mill, by extraction, or by any other means. 
Individual subsamples were weighed to the nearest 
0.1 mg. using an analytical balance in the conditioned 
area \ simultaneous analysis for moisture content 
was made on other individual samples from the same 
main sample. Subsample weights for solution ranged 


trom 0.05 to 0.25 od 


Cellulose Solutions 


It has been established many 


workers [&, 11, 13, 14] that the dissolution of cellu 


conclusively by 


No —~ 
From tank 
(Containing O2) 


Inlet tube carrying 


sare Ne 
OF ca No 
lia 


\ 


Alkaline 
Pyrogalilol 


Glass tower 
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lose in cupriamine bases produces solutions that are 
vulnerable to attack by oxygen in the air. The com 


plete elimination of all oxidative degradation is 
desirable 

Individual subsamples were placed in a 200-ml 
three-necked flask fitted with a mechanical stirrer as 
lustrated in Figure 1. The flask was first purged 


lank 


contains an oxygen impurity in objectionable quan 


with oxygen-free nitrogen nitrogen, which 
titv, was purified by passage through alkaline pyro 


gallo] 


and exhausted to the atmosphere via a Zimmerman 


It was then passed through the solution flask, 


fog trap [15], which affords a continuous check of 
Next, 


sample 


the elimination of oxygen from the system 
100° ml 


through the 


of solvent was pipetted onto the 
flask 
pre ssure 


outlet neck of the During this 


operation a positive nitrogen Was Main 


tained, eliminating any possibility of the back diffu 
sion of oxygen. The dissolving flask was then re 
connected to the fog trap, and mechanical stirring 


commenced 


Phe time of solution is primarily dependent upon 


two factors: (7) sample weight, and (2) type of 


Phe solution time increases with sample 


size, and a greater time must also be allowed for varn 


sample. 


samples than for bale samples. The time range tor 


hale cotton is 4+ to 6 hrs., while that for varn is 5 to 


S hrs 


liscometry 


The method previously proposed to correct tor 
oxidative degradation [&| appeared to result in some 
lack of precision, especially at low concentrations 
To eliminate all possibility of oxidative degradation 


during viscometry, the following procedure was 1n 


Tol 


—Distilled 
H20 


~ Yellow 
phosphorous 


™10 mi pipette 


Rubber tubing 


lass bearing 


Metal or glass 
Alundum stirrer 
thimble 


(Porous) 


Outlet neck 


250 mi Solution flask 
(Three neck, round bottom) 
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stituted \ 10-ml. pipette was introduced into. the 
solution flask through the outlet neck by means of a 
1. 


gaskete d v1 


iss bearing ina rubber stopper (see Figure 
1). The pipette assembly was then connected to the 
fog trap, and the entire system, including the pipette, 


When the solution of the 


cellulose had been completed, nitrogen pre ssure Was 


was cleared of oxvgen 


Phe solu 


tion was transferred to the viscometer, which also 


used to force the solution into the pipette 


perates in a nitrogen atmosphere, as illustrated in 
Figure 2. Thus, the solution to he ted was never 
in contact with oxygen from the f addition ot 
the cupriethylenediamine solvent to the cotton sam 
ple in the solution flask until the last flow time was 
recorded. This modification vields consistent and 
reliable data, and also results in an appreciable saving 
\ single number 100 Cannon 


— 


of calculation time 


Fenske viscometer was used for all determinations 


Calculation of Intrinsic Viscosity 


High molecular weight cellulose-cupriamine 
tions, like many high polymer solutions, exhi 
plicated flow characteristics In the stress 
involved in the current experiments, they deviate 
markedly from the characteristics of a simple New 
tonian system, so that the usual equations tor the 
calculation of viscosity are not applicable without 


correctiot The correction in the interpretation of 


Gas operated (No) 
water manometer 


Manometer tube — 


Movable scale 
(O-40cm) 


Scale indicator 
Oxygen-free = 2 
_ Nitrogen 


4 


« 


Barostat , | = | 


pod 


Distilled H20 


we 


Distilled H20 -Cannon- Fenske Viscometer 


iscometer sSysteu 


j 
1l¢ 


presel 


method 


lhis 1hie 


Olls PLLC 


pric al 


plicab 


pro 
counterpart 


ble in 


work lt 


very 


“ 


Newtoniar 


] 


ile His 


the data pre 


the 


where re 


total pre 


\ 


ISCOMeLET 


V1 


SCOMCeTET 


t data 


‘ ] 
Lil 


aA 


( quation 


the 


} ) 


stress range 


experiment were 


method 


has theretore 
] 


count 


reduces 


concentration 


Which appea 


method would 


produce 


7eTo 


curres 


ove! 


mit other 


CO 


( 


( 


1 
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STONE VILLE 


© Bale 
e Yorn 
@ Yarn,scoured and bleached 





2B COTTON 
STONEVILLE 28 COTTON 


© Bale 
e Yorn 
@ Yarn, scoured and bieached 





0.10 0.15 0.20 025 


CONCENTRATION, 9/100mi 


Results on semtlog coordinates of re l 


aducet 


02 OF 06 O8 410 12 9 6 18 20 


TISCOSU\ versus concentration, calculated CONCENTRATION, 9g/i00mi 


counterpart 


by the counterpart method 


mm semuog coordinates 


. concentration, 


the Appendix (p. 1&2), 


he 


line, as discussed in detail 


a simple Ne 


was assumed, was found to highly improbable, 


and was consequently rejected 
Le re 


again, the 


These data also appear in Table | 


In addition to the calculations using the counter 


prebability that the lines for the two samples (sec 


low 


part method, the data were also used to calculate 


Kigure +) could be represented as one is very 
Fable | 
intrinsic 
in the Appendix, and_ the 
Fable II 

. he data and results presented in Tables [ an 
RN SAN 

- at Yat AMPLI haute 


relative viscosity, without non-Newtonian correction, 


Phe data in were analyzed to provide the 
by the simple relation ; A 
The methods used 


estimates ot viscosities 


are discussed results are 


pre sented in 


appreciable ditference betwe 


DATA ON 
STONEVILLE 


VISCOSITY AND 


indicate an 


Or 


Bak Cotto 


Concen Concen 


rABLE Il DIFFERENCES BETWEEN MECHANICALLY 
PROCESSED COTTON SAMPLES SHOWN BY A 


tratiol 


Ct (y./dl 


tration 


(g./dl.) ey 


0.0500 
0.0501 
0.1002 
0.1001 
1002 
1002 
i501 
1504 
1500 
O04 
004 
SOI 
500 


9 8 
IS & 
15 
}) 
15 
1] 
62.: 
67 
ol 
100 
4 
154 


133 


187.5 
186.3 
156.1 
433.4 
321.0 
662.0 
570.8 


0.0504 
0.0501 
0.10038 
0.1002 
0.1501 
0.1503 
0.2002 
0.2002 
0.2500 
0.2500 


o0 
110 
114 


»29 


247 
110 
419 


x 


COMPARISON 


OF INTRINSK 


VISCOSITIES 


Cak ulation 
method 


Counte rpart 


Counte rpart 


Newtonian 


* 


Statistical 
method 
Least squares 


Parallel lines 


Least squares 


Decre 
Sample 


Saale 


\ iri 


Bale 


Yarn 


Bale 
Yar 


* Calculated using counterpart me thod 
t Calculated from Newtonian relation 


ol 
lines by the method of a 


by the method 


intercept and those 


dyusted means (analvysi 


for ille 


pat 


ol covariance 


\ll ditterences are highly significant those for least squares 
testin 





cannot be ignored, regardless ol 


thod used to interpret the data hese re 


comparable to those obtained on Empire 


wv Krieble IS], whose estimate ot 


| 
] : at ieimas ’ +1 i bal ‘ | 
etween values oO trins Viscosities Of baie and 


yarn was approx 


Scoured and 


Some ot the dan from a preliminary 


1 1 


chemical degradation are included here 
pertinent interest to the problem « 


lion of several line Ss On the coord 


Stoneville 2B cotton 


scoured and peroxide bleached 


standard commercial processes | 12| 


were prepared as deseribed earlier, the 


] 


were calculated by the counterpart method, 


results obtained are as tollows 


Concentratio 

(g./dl.) 

0.0500 8.6 | 
0.0500 9.1 
0.1500 11.6 
0.1500 11.8 
0.2500 18.4 
02500 16.1 


' 


Phe intrinsic viscosity, determined 
least s(puare Ss, 15 compared De Vable 
trinsic viscosities of the bale and yarn 
The results in Table III] show clearly 
tions of the paralle lism hypothe SIs as a mean 


‘the lines on a Martin plot [10], when the 


ri 
S ! 


le rpre ti 


samples exhibit widely differing values of | 


method of parallel lines is convenient and cat 
justihed for a fairly narrow range of differences 
lI. probably about 306, reduction Where 


range ie values of || for 


the 
is as large as in Table II], one must ress 
. | 1. ] ] 
other caleculational method, : 
\BLE 1 
dependence of the Martin equation f Curemu 


KY 
In [| 


PABLE III INTRINSIC Viscosimies oF Bate, YARN 
ScOoURED AND BLEACHED YARN 


Decrease 
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It should be noted here that the above remarks for 
the three lines do not apply generally to the bale and 
yarn samples alone since, in this case, parallelism o1 
the “modified Martin” equation given above could be 
sinall DLP. difference 


used because of the relatively 


between these two samples. Here again, there is no 


doubt that the indexes of D.P 


of the two samples are 


significantly different 


Simplified Calculation 


two lines to 
D.P.., it ap 


pears that two or more samples can be most simply 


Upon the assumption that failure of 


coincide indicates different indexes of 
and quickly compared by viscometry in a single vis 
cometer at a single concentration when the primary 
purpose is comparison and when establishment of a 
value of |y| 1s not essential 

Using the values of log (q.,/C) or log ».,) for bale 


and yarn at a concentration of 0.1 g./dl., a single 
factor analysis of variance with replication could be 
the simplest test of the hypothesis that the two sam 
ples have the same index of D.P. The use of the 


logarithm is essential if 


inhomogeneities between 
the variances within the bale and yarn samples are to 


he avoided. 


The values of log (.,/C) for these 


subsamples are as follows 


rale Yarn 
1.6325 1.5340 


1.0571 1.5260 


The Snedecor ratio, /* (mean square of sample dif 


ference divided by estimate of 


78 } On 


error variance), Is 
(c.f. ) 
for these degrees of freedom at 
18.5. Thus, these 


few degrees of freedom, the difference between these 


1,2 degrees of freedom where the 


tabulated value of / 
the 5% only 


level is even on 


two samples is readily apparent. More replicates 


would) merely 


emphasize the difference For ex 
ample, a reasonable estimate of error variance could 


Phis 


value of 


be obtained from all points on the three lines 
$4909 x 104 


10 ¢* from the four items of data listed above 


estimate 1s compared to a 
1.676 
Despite this apparent increase in the value of error 
variance in the larger number of tests, the increase 
in degrees of freedom for error indicates a more sig 
nificant level. The calculated Snedecor ratio is now 
equal to 29.9 and is based on 1,23 degrees of freedom 
instead of 1,2 as above, and the P? 0.14, contirm 
ing and emphasizing the conclusion from the small 


experimne nt 
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It is therefore concluded that, when comparison 
of samples is the sole objective, the use of a few 
replicates of each sample at a single concentration 1s 
a sound procedure 

In case 


the apparent inhomogeneity of the bale 


and yarn samples in the 2 x 2 table for con 


should be added 


5 estimated separately, confirms the 


Is Callsé 


cern, it that a f-test, with s,° and 


previously 


stated conclusions, and at the same level of proba 


bility \ctually the degrees of freedom in this small 


test are too low to prove whether or not this ap 


parent inhomogeneity exists. [Experience indicates 
that the bale subsamples do not give as uniform re 


sults as do those from yarn 


THE A.S.T.M. METHOD 
The A.S.T.M. method 


Rusca [4] to conclude that no degradation occurs 


was used by Conrad and 


as a result of mechanical processing heir study 


involved a comparison of the A.S.T.M. method wath 
method |7], 


of counterparts from data obtained by the A.S.T.M 


the counterpart including calculation 
technique. 

The results of a study of the A.S.T.M. method are 
and/or 


herein presented in an effort to reconcile 


explain the differences between the conclusions on 


the effect of mechanical processing. Both the ex 
perimental technique and the method of calculation 
have been investigated. 

4.S.T.M 


uncontrolled oxidative 


In recent specifications |1| the method 
has been modified to correct 
degradation, but all of the publications and papers 
concerning the problem under discussion reported 
using the unmodified technique 


1948 edition of the .S.7A/ 


as described in. the 
Standards |2] There 


this 


fore, this unmodified version has been used in 


study.’ 


Experimental 


\Vaterials 


he cottons previously described were used for 
this experiment without the extraction and washing 
..S.T.M 


of the samples specified in the procedure 


<Ipparatus and Procedure 


Fluidity measurements made at 25.0 


0.03°C in an A.S.T.M. 
operated by gravity flow under mean driving pres 


15 g 


were 


huret-type viscometer |1, 2 


sures in the range cm.” to 32 g./em 
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One set of subsamples was passed once through a 
Wile, \ll samples 


humidity 


mill using a 20-mesh screen 


conditioned at 65. relative ancl 


were 
70°F 


analyzed for moisture content, as previously de 


Individual subsamples were weighed and 


scribed 


] 


\ second set of subsamples is subsequently 


deseribed 


Cellulose Solutions 


in which ait 
$10 mil 


! 
surjace of tite 


Samples were placed in a 60-mi. bottle 
had not been displaced by nitrogen ; of solvent 
was then added, and the liquid was 
The 


bottle was sealed and placed on a wheel to be rotated 


then swept with purified nitrogen for 20. sec 


until solution was visually estimated to be 
This 


It is apparent that considerable oxida 


at O r.p.m 


accomplished operation normally required 
about | hr 
live degradation could result from oxvgen dissolved 


in the highly alkaline solvent before purging 


l iscometr) 


The A.S.T.M 
vals, and has a total capacity of about 30 mil. of solu 
tion [1, 2] 


bottom by 


buret is graduated at 5-mil. imnte1 


\ separate capillary is attached at the 


means of a short piece of rubber tubing 


\fter the viscometer and solution are brought to 


temperature equilibrium, the stopcock at the top 1s 


opened and the solution is discharged by gravity 


flow. Discharge rates are measured for each 5-ml 


section 
The flow 

ter when used according to A.S.T.M 

ft; 2y4a 


measurements appreciable surface 


of cellulose solutions from this viscome 


specihiicatiol 


discontinuous, introducing into viscosity 


tension effects 


addition to those from kinetic energy Since 


drop formation is not clear-cut, no valid correctio 


for the surface tension etfect can be mad Most 


certainly the usual kinetic energy “correction” cat 


not be valid in consideration of the character of the 


dropwise discharge 


Calculational method.— The observed solution fluid 


ity for any given sample is stated to be calculated by 


an expression of the forn 


where J’, is solvent fluidity, ¢, is 


time, and ¢ is the discharge time 


] 


corrected for kinet enerey loss¢ 


each sample is then determined at a 
| econd 


/ versus log 


constant gradient of 500 reciproca 


by an extrapolation of the data on log 


(velocity gradient) coordinate 
calculated from the 


used to 


Specific viscosities may be 


] 


adjusted fluidities, which are thet extrapolate 


to intrinsic viscosity, or the latter parameter may | 


calculated from single determinations at closely spect 


fied concentrations 


Vodifications of Technique 


\ second 
using ASTM 
Precautions were taken, however, to 


Wiley mill and by 


series of subsamples was prepared and 


run viscometry, as described above 


degra 


CX luce 


dation by the oxidation 


Iiexperimental Results 


\l methods ol alculation Were 


applied t 


} 1] ! 
I 


of data, with the following result 


Stoneville 2B Catton 


C = 0.1 g./dl 


Mechanical 


Sample treatment 


Bale \ le mill 


Wiley mill 41.02 


1) RO 
10.06 


10.46 
9 18 


Discussion of Results 


Without 


hic thod, 


modification 1048 


data for the 


i¢ 





the A.S.T.M. method as published in the 1948 Stand 


ards and as used by Conrad in preparing his conclu 


denying measurable mechanical d 


(4). The 


ences is apparently due to the 


slons egradatiot 


failure to disclose any significant differ 


following: (a). the 


technique of solution preparation; and (>) the use, 


of the Wiley mull in sample preparation. Studies at 


Textile Research Institute (which will be submitted 


for publication in the near future), and at an inde 
degradation 
mull 


20% , and will certainly be 


pendent laboratory [6], have revealed 


of bale samples as a result of use of the It can 


he as great as erratic if 


| 


adjustments are not frequently checked 


SUMMARY AND CONCLUSIONS 


Using intrinsic viscosity as an index, a significant 


decrease has again been shown to oceur in cotta 


samples that have undergone standard mechanical 


The 


. ] } 
MAaACTOMOCULE 


processing implication is that the size of the 


cellulose has been affected by the 
breaking of bonds in the chains 

It is significant that three separate groups of ex 
perinenters at Textile Research Institute have, since 
1949, all found the same etfect on three ditferent cot 


IS. 14]. The 


dation would therefore seem to have been established 


tons existence of mechanical degra 


Specific conclusions are as follows: 


1. The oceurrence of mechanical degradation due 
to normal mechanical processing in the mill has bees 
demonstrated by a variety of methods 


5 he 


method, even as currently constituted, make its 


Certain experimental procedures in_ the 

r.M 
utility as a precise research tool of doubtful value 

3. Evidence of mechanical degradation can be ob 

tained using the A.S.T.M. method without any modi 

although significant, 


fication. The difference (7% ), 


was small as compared with the difference disclosed 


using the counterpart method (25° ), or 


(20% ) 


simple 
Newtonian methods 
t. In the 


the Martin type of plot gives a linear 


concentration range used in this work, 
correlation. 
However, the empirical equation proves not to give 
a good correlation with the several samples of 
cotton 

5. The indexes of D.P. of two or more samples 
are not identical if the experimental data cannot be 
placed on a single line without resort to specific tests 


of intercepts alone 


TEXTILE RESEARCH JOURNAL 


Appendix 
Interpretation of Data 


In previous publications in this series [8, 14] the 
several lines involved have been tested and found to 


be statistically indistinguishable from = a 


group ot 


parallel lines. The condition necessary to this situ 


ation is that the molecalar weight indexes of the 


various samples tested shall be not too greatly dit 


ferent In the opinion of the authors, techniques ot 


viscosity measurement, even when highly” refined, 


involve experimental errors of sufficient magnitude 


to allow this assumption of parallelism when_ the 


sample of lowest D.P. has a value of [yl of at least 
70%. of D.P 
widely dis 


23.8 and 


that of the sample with the highest 
values are 


Hlowever, when the various 


parate, as in the present case (bale value 


scoured-and-bleached varn value 7.4), the par 
] 


allelism will be highly 


Table 
well-known slope-intercept dependence of 


log Wap ( 


hypothesis unlikely (se 


I11), and consideration must be given to the 
, 

lines o1 
\ reasonable choice 


Mar 


versus C coordinates 


of this de pt ndence would seem to be that of the 


tin equation 
Hsp ( In || 


and this relation will later be tested and discussed 


However, it must be realized that the equation is em 
pirical and, therefore, not necessarily probable Phe 
Mmportant point is that both slope and intercept shall 
be dependent upon |y| or some function of this 
parameter 


reed to be likely, it 1s 


If this interdependence is 


ag 
not necessarily important to differentiate intercepts 
indi 


in order to show unique D.P. values of the 


Ability 


slope, or both, would suffice 


vidual samples to distinguish intercept ot 
This conelusion indi 
cates a corollary to the effect that the values of |y| 
of the various samples will be different if the lines 
are shown not to be identical. This criterion has 
been checked for all data in this paper and in all pre 
vious papers of this series; im no case has the proba 
bility that the lines for 

as 1% 


|| values for the various samples are cht 


various samples could 


coincide been as great It is thus concluded 


that the 
I] 


The which wi 


compass all the 


ferent most convenient test e1 


data in a 


used in 


given set of experiments 


has therefore been each case to determine 


suitable comparative values of || for each sample 


In the earlier papers of this series [&, 14] paral 
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lelism was 2sting Martin Equation 


chosen as the basic method of 1 C )rie 
seieriill In order to test the applicability of the Martin 
witersecteq 1 7 ‘) ! 


equation, 


In» 
rected 


, ’ , : it is necessary to assume that the « yuation tor « ich 
Slopes W swnitiea v4 | + 


sample of the series under consideration may be 
Various . 


written in this form, and then to determine the 


(t] roug! 


ate proper constants —2.e., Rk’ common to all samples 
‘ ; eK ce ind n for each sample It is then necessary to 
methods 
; test whether it is improbable that the lines with 
potheses, 


: : ; <3 these parameters are as suit ible as the least s juares 
sidered 1 | ata 1 } 


lines If not improbable, the hypothesis that the 
Martin equation gives a suitable correlation with 


the data wall be accepted 
Phe method of least squares has been apphed to 


the determination of the constants, with the equa 
alli > 

tion rewritten tor conventence in Brigesian lowa 
Tr 
ih rithms 
previ 


ground ; Wi aken 1 eu log (n log 


, where the subscript 7 refers to a particular cellulose 
precedl 


; sample (bale, varn, ete.), and the subseript ¢ reters 
the hinds 


to the.,warious subsamples within this main sample 


kor notational convenience, equation (1) is rewrit 


ten ais 


where }¥,, is the estimate ot log 
by the equation tor any \ tlue of C 


Phe sum of squares for the r lines may then be 


written as > >. Which is as tollow 


When expanded for the first sample 


2nd I 


Laking the partial derivative with res 
equating to zero, and writing Lconventent form 
the following equation is obtained 


‘ 


bey \ 
le " 


thar equations must Ol COUrseE be written tor 
of the 7 lines 


summing the squares of the deviation 


In equation 2 but for all & line taking the part i] 


derivative with respect to k equating to zero ina 
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solving ina convenient form, the following equation 


is obtained: 


i[ 


ps 
> {ln ]7>_X 


faiEXs)} 


1 


> ry Y ,;} n | log 


k (4) 


lor the v lines, there are r equations of the form of 
equation (3) and equation (4), and therefore the 
(y + 1) parameters, [7], and k, can be determined. 
However, a direct solution for each of the (r + 1) 
parameters is not simple since all equations like (3) 
contain k, and equation (4) contains all the [7 


Since simplification does not appear practical owing 


f 
L” 


tion by iteration is suggested. 


to the appearance ol both 


], and log [7 ];, a solu- 


Solution by Iteration 


The following procedure is suggested in solving 


by iteration: 


1. Estimate k. made 


This estimate is simply 
from the average, or weighted average, ol the least 
squares slopes of all lines 

2. Solve all equations of the form of equation (3) 
for all the values of [ |), using the estimated k. 
3. Substitute the values of all the [n |i, as ob 
tained in step 2, in equation (4), and solve for R. 

t. If the k from the previous step does not agree 
the 


value for k obtained in step 3 as a second estimate, 


with that originally estimated in step 1, use 


and repeat the entire series of operations. 


No more than one recalculation will normally be 


required In fact, if a weighted average for k ts 
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used, the first solution for the [7 |; is usually sufh- 


cient. The best weighted average for k will prob- 


ably be obtained from 


but other simpler estimates will certainly suffice in 
many 


Cases. 


kor example, in the work reported 


here, weighting of each slope by the number ot 
points on the line was satisfactory owing to the 
uniformity of the range of concentrations for each 


sample 


Testing for Fit of Estimated Constants 


When the constants | n | and k have been estab- 
lished by least squares, it is desirable to see whether 
or not it is probable that this set of constants 
This 


analysis of variance, comparing the variance attrib- 


represents the data adequately. test is by 
utable to the restriction of the Martin equation to 
the variance from the individual least squares lines 
The test is similar to that detailed for parallelism 
in an earlier paper [14 ]}. 
Determination of the deviance 


(sum Of squares) 


from the Martin lines may be obtained by substi- 
tution of the constants [ ]; and & in an equation of 
the form of equation (2) which has been summed 
over all r lines; as an alternate procedure, V,; can 
be determined for each concentration on each line, 
the deviations then being calculated by subtraction, 


squared, and summed for all points. 


Data and Calculations 


\ summary of these calculations for the three Stoneville 2B samples follows 


Counterpart Method 


Sample n ie 
Bale 13 1.8: 
Yarn 10 3 


52 
018 
Scoured and bleached yarn 6 0.9000 


\ 


0.253. Trial 


from equation (4), Rk 


Estimated k 
[ » |s 6.12: 


calculated 
0.253. 


solution, 


values : 


ye 


28.2902 


DAC oe 4 k 
0.31817064 
20.7562 0.27543048 

6.5015 0.17500000 


0.236 
0.308 


1.03303500 0.196 


from equation (3), [7]; 22.70. te 20.35, 


The agreement of the two values of & indicates a proper 





? 
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Analysis of Variance 
Source 


Deviations from Martin least squares lines 
Deviations from individual least squares lines 
Difference 


due to imposing 


F 5.07 


Newtonian Method 


Sample 
Bale 


: 1. 
Yarn 1. 


Scoured and bleached varn 0.9000 


Estimated k 0.202. 


[ 6.54: 


Prial 


from equation 4), k 


calculated values 


0.201 


Analysis of Variance 


Source 


Deviations from Martin least squares lines 
Deviations from individual least squares lines 


Difference due to imposing 
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Martin equation as restriction 


Martin equation as restriction 


Sum ot squares 
O2935815 
01965868 
00969947 


P= 19 


> 
(0.31817064 


0.27543048 


6.0786 0.17500000 


from equation 


Sum ol squares 
01461818 
01034824 
00426994 


lt 
5 
23 


) 


> 
19405650 
2. 75491267 
0.96896000 


1® 


18, 


} 


Vi 


AYE 


in squares 


QOO85473 
OO484974 


ih squares 


00044992 
00213497 
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INDUSTRIAL SECTION 


CoS s> 


Tactual and Instrumental Ranking of Softeners 
on Starched and Unstarched Cottons 


C. R. Stock and A. Hvizdak 


Stamford Research Laboratories, American Cyanamid Company, Stamford, Connecticut 


Introduction peri | | demonstrated ; (2) prec 
; : ; ast lye equal 1 CXPCTiel 
hie physical properties of fabrics related to their t | 1} 
a : operation shouid 

psychological property ol “hand or teel hi 
1 operator imte 


ed wn terms ot 


been the subye t of discussion and research in 


textile industry Dreby [4] defined “hand” quali 


tatively as follows: “The ‘hand’ in dealing 


~ 


with tab 


Mecheels [10], 


rics 1s the way the cloth feels when drawn throug! ee ; 
Sommers | 16] devised instruments 


or held in the hands of the observer who puts his 


pressibility of fabrics and relate this 
evaluation, either consciously or unconsciously ‘ 
: bv the se ol touch hese 

a comparative basis Phus hand is the psycholo ; 
’ , lor CXabnininyg Neavily Napped ¢ 

response to the nervous and muscular stimul: induced ee a ee Saxl 1121 
all te ICS < oe | 
by certain physical properties of the fabri - ; 
r , ite hah ' [S| examined the stiffness of fabrics of 

i@ plivsica roperiues most probabiy associated P ‘ 
is. | hut the methods used lacked precisiot 
with the hand of a fabric have been listed by repre : . % : , cs a 
\ \ 4 s Others who developed more suitable devi 

entatives ol the merican ssoclation ot CX i : 5 
; lures include Schiefer }13], Peirce [11], Schwarz 


Winn [15]. Chu et al. [3], and Dreby [5 


developed the 


Chemists and Colorists and the American Society fot 
Testing Materials |Z], as shown in Vable | Hlow 


ever, these qualitie s cannot be considered to detine — 
: 3 cloth speciumet 
hand adequately until they can first be related to psy 
: ; the measurement 
chological stimult and next be integrated into one of ; 
. : versus the 
few numerical indices, difficult) undertaking ee ; 
loop) method consists 
even af it is agreed that these eight character 
specinic ] the form ¢ 
constitute the principal properties involved, snail 
engeth ol 

essary to learn the relative importance 


order to compute such an index. The 


portance of each probably changes from one elass of PABLE T. Prysicas PROPERTIES \SSOCIA 
] | “HAND” oF A Fase 
textes to another 


Following the sunpler approach, attempts have I Irtac COUr \rougn-sh 
, ‘ , ‘ » Surface triction* (harsh-slippers 
heen made by textile research workers to caevelop Density (compact-open) 


methods and instruments for numerical evaluation of Phermal properties (cool-war 
5 natbilit (st chy 
each of those single properties of the cloth which are xtensibil ret 
mpressibilits 


sili¢ 


lexib 


| 
. ( 

beheved to affect the estimation of hand Such a I 
I 


satisfactory method should meet the following four 


requirements: (7) correlation with subjective ex rhe 


-° properties 
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Schwarz and Winn developed the Drapemeter, and 
Chu et al. a similar device, which involves hanging 
a strip of cloth from a semicircular or circular edge 
The flare of the cloth at a fixed distance below is used 
as a measure of stiffness. Dreby developed three 
Planoflex, the Friction Me 


called the Com 


instruments—namely, the 
ter, and the Contour Meter, later 
pression Meter. The Planoflex is a device designed 
to measure the deformability of a fabric in its own 
plane. The total angle through which the fabric can 
be distorted before wrinkles appear is the measured 
value. The Friction Meter is used to measure the 
fabrics, or be 
The Com 


pression Meter follows the change in volume of a 


coefficients of friction between two 


tween a fabric and some other material 
fabric with changing compressive stress. 


Outline of Problem 


The aim of the present authors was to find a pro 
cedure capable of placing a psychologically important 
attribute, mostly of lightweight textiles, called “soft 
on an objective basis, as well as meeting the 
stated 


itself into finding a sensitive means for measuring 


ness,” 
four criteria earlier. The problem resolved 
subtle changes in one or several physical properties 
of a fabric, probably from among those shown in Ta 
ble I. 


then have been rrovided to describe the relative 
I 


If successful, an unambiguous means would 


merits of members of that class of textile finishing 


agents called “softeners.” Besides being the sub 


jects for examination, these softening agents were 
also useful in that they provided a way to change the 
softness of test swatches of textiles while keeping the 
type of cloth unchanged 

Softeners are applied to fabrics in small amounts, 
generally less than 2%, and may be used alone or in 
combination with starch, although those which func 
satisfactorily 


tion well alone do not always behave 


with starch. The fabrics involved are largely cotton 


sheeting and shirting materials, such as percales and 
broadcloths, and rayons of about the same weight, 
such as taffetas. To experienced examiners, thes 
agents evidently cause the cloth to feel “fuller,” more 
The 


“papery,” “boardy,” 


resilient, more flexible, and perhaps smoother. 
converse of this terminology 1s 
stiff, and harsh 
are more difficult to convey to the 


Terms also used, whose meanings 
uninitiated, are 


“greasy” (probably from the softening agent), “dry,” 


“limp,” and “raggy 


In comparing tactually the attributes of softening 


agents on cottons, experienced handlers are known to 
disagree not only with each other, but also with them 
selves, for one or more of several reasons. For ex 
ample, the act of handling may induce changes, vari 
atfect the 


able moisture in the air may softener, o1 


the differences existing may be too subtle to separate 


with assurance In order to reach more consistent 
conclusions, and to place the evaluation on a quanti 
tative basis, it was decided first to explore the possi 
some of the instruments and procedures 
This 


several respects that reported by 


bilities of 


work therefore follows 1 


Abbott [1] on the 


a much nat 


mentioned above 


stiffness of fabrics, but evidently covers 
rower range of the property 

From discussions with experienced handlers it 
appeared that the most promising procedures would 
be those emphasizing either stiffness or surface fric 


following these suggestions, the first eight 


Table 


completely, because of the 


tion In 


of the twelve approaches shown in Il were 


failed 


mall differences involved and SOas j sult of the 


tried, of which five 


high inherent variability, certainly 


possibly of the distribution of softener on the cl 


OF; the three procedures that showed promise, the 


Gurley paper stiffness tester (Figure 1) was found 


o agree with the psychological estimate im some 


cases, but statistical analysis showed that the dis 


crimination was marginal even where handlers ex 


perienced no difficulty 


The next two approaches—te¢., a vibrating-reed 


Hed “vari 


principle and so-ca removal,” were included 


and tried on the thesis that softeners were effective 


interfiber and interyarn friction 
\Ithough the 


sensitivity 


largely because was 


reduced by lubrication reed method 


was found to be an improvement in over 


11 


the Gurley tester, varn-removal was still more sensi 


rABLE II POTENTIALLY ABLE 10 GIVE AN 
LIGHTWEIGHI 


CoTrron FAaprics 


PECHNIQUES 


INDEX OF SOFTENING OF 


T) nding le 1 yth 


Hangi heart 


\bbott 
Peires 
Pear-shaped loop Peirce 
Planoflex Dreby 

Meter Dreby 

iper stilline tester Gurle. 
DeWaard* 
Gagliardi* 


Schwarz and Wi 


. 


, 


Friction 
| 
1 


Vib iting reed 
Vari 
Drapemeter 

10. Flexometer— Schiefer 

11. Contour Meter—Dreby 


12 Drapemeter Chu et al 


removal 


hese procedures showed promise 





Gurley stiffness tester for paper. 


tive as well as simple1 Attention was consequently 


concentrated on developing the latter technique 


namely, measuring the resistance offered by a yarn 


in being pulled from the cloth. The remaining four 
methods have therefore 

\t this juncture it was found, at a 
A.S.T.M. D-13, that the 


pothesis had already been pursued 


not vet been examined 

meeting of 
Committee lubrication hy 
by Gaghardi |7|. 
various 


who had_ tried 


cloths, 


yarn-removal on 
treated both with softeners and with resins 


Gaghardi devised a specimen $ in. wide and 4 in 


long, cutting it so that one yarn 1 in. long would 


Ss 
force or the work 


(Figure 2). He em 


pulled out, measuring either the 


required to remove the yarn 


ploved a lightweight, continuous filament viscose 
rayon material, and implied that equivalent 
cotton could thus be obtained, but with better preci 
sion resulting from the greater uniformity of continu 
ous filament yarns. The 


present work largely con 


firms that of Gaglhardi, extending it by 


some refinements in technique, and establishing quu 
titative correlation with tactual ranking on a statis 
Differences are 


to he 


tical basis found to exist in a few 


minor points, shown later 
Calculation of the extent of correlation with tactual 
ranking comprises a large portion of the work re 


ported; the remainder is concerned with comparing 


several classes of softening agents and relating their 


effect on cloth to their chemical makeup. 


kinds of 


data for 


means of 
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Textile 


specimen for yarn-removal test. 


Discussion 


An index of the extent to which a quantitative in- 


strumental method is capable of describing a quali 


tative psychological experience can be obtained with 


good reliability in terms of the correlation found be 


tween the qualitative rankings of each, when em- 


ploved on a series of examples covering a range of 


the experience in question. If the correlation is “as 


high as the conditions permit,” one will then not be 


far wrong in assuming the correctness of the quan 


titative data obtained from the instrument. The 


phrase in quotes is clarified below. 


It is first necessary to obtain some measure of the 


reliability of the psychological approach which is in 


tended to be used a yardstick for estimating the 


value of the quantitative test. In the present case of 


the effect of softeners on cloth, if the tactual esti 


mate is highly reliable, the correlation between it and 


the varn-removal test must be high for the latter to 


he acceptable; contrariwise, if manual softness per 


ception is close to liminal, errors in judging wall be 


frequent, and one could not expect to find high cor 


relation between ranking and instrument measure 


ment, even if the latter were the perfect measure of 


softness. The reliability of the tactual estimate must 
therefore first be 


assessed 
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Inasmuch as this work was carried out t 

our Textile Chemicals and Physical Chemical L. 
ratories in the primary program of determining the 
relationship between chemical makeup and pertorn 
ance ot potential sotteners, and to develop more 
use, we de 


kinds 


which 


rromising materials for commercial 
g 


pended on them for assistance of 
They 


substantial 


Various 


first chose well-known agents among 


ditferences were to be anticipated, ap 
controlled 


staffs 


plying them to the standard cloths by 


techniques. Secondly, several members of the 


of these laboratories who were experienced in the 


textile trade had a_ well-developed capacity tor 
ranking cloth in order of 


These 


tactual rankings to be described hereafter 


softness according to its 


hand men cooperated by carrying out thie 


Description of Softeners 


The materials selected as examples of softeners 


used without starch represent four types of com 


mercial anionic textile finishing agents, plus one e 


perimental material They can be deseribed gen 


erally as follows: softener 1 is a paste, commercially 


a sott hand ; 


used to give 
] 
i 


softener C 1s a viscous oll, 


common lled “red ol” 


chiefly as 


little or no softening action; softener D 4s a 


vca or “Turkey red oil,” used 


an emulsification or dyeing assistant, with 


Wr 
Wael 


solid, undergoing laboratory examination for 

potentialitie s as a textile softener; softener .V ts 
self-emulsifving, “soluble” oil, used commercially to 
impart a soft, firm finish to cotton and rayon fabrics 
softener S is a water-dispersible paste, widely used in 
various formulations as a softener giving soft, full 


hod d hand 


Preparation of Fabric Samples 


The three 


scribed 


sets of cloth whose preparation is de 


below were made up at various times as 
progress of the work indicated the 
\lthough slight 


the procedures ot 


need for further 


experinent differences occur in 


preparation, the general intent 


~ 


was consistent—namely, to provide specimens for 


ranking by tactual estimate of experienced judges, : 


well as duplicate specimens for measurement by in 


strument The two sets of data resulting were then 


to be compared against each other to find the extent 


of correlation 


Set 1 (SO SY cotton pe reali 


Solutions of the above five softeners were pre 


pared, containing 1%. 1%. 4%, 1.0%. and 2.0% « 


, 6 ’ 


the sottene lwo sw itches, 
leet 
SOOLULL TON) 


mipregnated with each limersing 


squeezing with 


1OO*, pickup ot 


at 250° F for 6 min Con 


fabric in 500 mil. of solution at 120° F 


a hand-operated wringer to. give 


solution, and frame-dried 


trol swatches were prepared in the same way, but 


omitting sottenet 


adclotit ) 


Swatches of this material were treated with the 


same tive softeners used in the previous set, using 


( 


concentrations of 1%, 3%, i ‘) of the sottener 


Four swatches, 9 in. X 23 in., of the fabric were 1m 


pregnated with each solution, squeezing with 


motor-driven smooth roll wringer to give the sam 


pu kup 


Set 2 (filament rayon taffeta) 


Preparation similar to tha 


that four swatch vere prepared 


tration 


1 


conditions ad tor 


21°C and 65% R. H 


All specimens were 
prior to testing 


Tactual Judgment 


Lhe fabrics Were 
assigned lower numbers 


1 


cone 


percale, 

tration 
\lthoug! agreement 
vhere correlat 


yx reale 


broadelotl 
herently more 
Krom the 


merical miecast 
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HAND RANKING OF 
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PREATED TEXTILES 


Set 1 (percale) 


Examiner J 
examiner J/ 
Softener 
Conc. (4 


10 1 


1 
8 
! 
r 
2 


) 
« 


Ys 
1 
A 
1 
4 


13 14 
16 14 
x. 


1 I 
4 ‘4 


17 
19 


18 
12 


19 
20 


2 (broadcloth) 


Examiner / 
Examiner J] 
Softener 


Conc. (&) 


6 


3 (rayon) 


Examiner / : 7 ; 1 
Examiner JJ 6 
Softener D 


Conc. (°) 


ae | Blank 


treated; no softener. 


BROADCLOTH 


Ranking by B 


“Ranking by A 
6 24 


Il 
Table IIT). 


Fic. 3. Hand ranking patterns for examiners I vs. 


(denoted by “A” and “B” in figure) (see 


good correlation with it. The following work pro- 
vided data for this purpose. 


Instrument Measurements 


lhe yarn-removal studies were performed with the 
use of a low-range drum-type tensile tester of our 
own design (Figure 4+). and later with the Instron * 
tensile tester. 

Both instruments provide adequate accuracy and 
precision for measuring the force to pull single yarns 
The consists of two 


from cloth specimens. first 


* Instron Engineering Corp., Quincy, Mass 


3 
16 
N 


) 


14 15 
> ia 
- oe me ae od . ci jae Paced ole 


; 3 2 5 2 


16 18 19 20 2 > 26.27 2 
29 18 
A 


0 


29 
30 
X 
0 


30 
19 
X 

0 


5 


identical drums aligned with their axes and ends 
parallel and respectively in the same planes. One 
drum is motor-driven at a slow rate, and the other 
measures the magnitude of a force at its periphery, 
tending to rotate it against the restraint of a stiff 
spring. The Instron apparatus provides the addi- 
tional advantage of recording the force-withdrawal 
curve of the thread (Figure 5). The “stiff” prin 
ciple of operation of both instruments was believed 
to constitute improvement in technique over the 
inclined-plane apparatus employed by Gagliardi 
Treated material was cut into specimens 7 in. long 
and $ in. wide with the long (test) dimension paral 
lel to the warp or the filling, as the case might be. 
With the use of a specially made jig (Figure 6), the 
strips were cut near the center, leaving one yarn, 
1 


either } in. or 1 in. long, holding the entire strip to 


gether. Therefore, as the ends of the strip are pulled 
apart, the only resistance offered to the separation of 
the sample is that of the friction of the single yarn in 


Although 


in our tests only the maximum force occurring dur- 


tending to move through the cross-yarns. 


ing removal of the yarn was recorded, total work of 
removal might have the merit of improved repro- 
ducibility. Some integrating means would reduce 
the calculations involved. 


se I 

Fourteen specimens were tested from each swatch 
to obtain each average. The results are shown in 
Figure 7, where the force is plotted for each concen- 
tration of additive in the bath (100% wet pickup) ; 
the value for the untreated material is also shown 
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Fic. 4. Cyanamid low-range 
tensile tester. 
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Fic. 5. Force-removal records for untreated and 


softened per ( ali 


(ordinate, 275 g.). 


Since all the points in the figure 
fall below the latter value, it is evident that lubrica 
tion is provided by all treatments. The downward 
trend of the curves to the right illustrates the in 
lubrication 


creasing provided by 


softener At the 


increasing the 


amount of lower concentrations 
(1% and |%), softeners ) and S are more effective 


than the other three. In the 1% to 2% 


A is equally as effective 


range, how 
ever, 


Over most of the 


climtens 


‘ 


range, and especially at the 


4 


\ treatments appear 


higher add-on, the C and 


© be infer llowever, the 


coefficient of variation for these tests was undesirably 


large, about 20% 


Set 2 


of the large coethcent of variation found 


broadcloth 


uniorm yarn size 


Because 
in set 7, 


More 


material was obtained having 


Yarn 


(coethcient of variation ot 


removal tests showed 


better precision about 


13% ) than had been obtained with the percale Un 


like the results for the percale, the force increased 


with increasing amounts of all softeners over the 








300 
Untreated 


“@ ~ 


Force of Remove! — 


Concentration — per cent 
Pia. 7 I: ffect o} concentration of five softeners on 
force of yarn-removal from percale, Vertical bar at 2% 
softener N illustrates (all points) 95% confidence limits 
for 14 replicates. 
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Concentration — per cent 
hic. 8. Effect of concentration of five softeners on 
force of yarn-removal from broadcloth. Vertical bar at 
Ulustrates (all points) 95% confidence 
limits for 12 replicates. 


1. softener © 





——- 
Untreated 


Force of Removal — 


"4 * \ 2 
—————— ae | en | 
Concentration — per cent 





Fic. 9 


force of yarn-removal from rayon. 


Ii ffect of concentration of five softeners on 
Vertical bar at 1% 
softener N illustrates (all points) 95% confidence limits 
jer 10 repli ales. 
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limited range of bath concentrations studied (Fig 
ure &), the least amount of all softeners (4{% ) pro 
viding at least as much lubrication as the higher con 
The reason for the difference between 


It should be noted 


centrations. 
these two materials is not known 
that, except for NV, which gives better results on the 
broadcloth, the test rates the softeners in the same 
order for both cottons 


Set 3 


Because both the warp and fill yarns varied in 
diameter in the cottons, the forces necessary to re 
move the yarns showed a corresponding variation 
It was thought that this difficulty might be overcome 
by substituting a continuous filament fabric, as rec 
ommended by Gaghardi. To investigate this possi 
bility, the viscose taffeta material was included. 

The looseness and smoothness of the rayon yarns, 
and consequent reduced force to remove them, made 
it advisable to use a 1-in. length of yarn instead of 
the }$-in. length used earlier. 
tested 


Ten samples were 
The 


coefficient of variation in all cases was about 6%, a 


for each swatch to obtain an average. 
considerable improvement in reproducibility over the 
cottons. 

The value (91 g.) for the untreated rayon is in 
\lthough 
increasing the 


1of 


1% produces 


dicated on the ordinate axis of Figure 9. 
this 


softeners above about 


all curves fall below value, 
amounts of all 
either no further change or a slight decrease in lubri 
cation, reflecting somewhat their behavior on the 
broadcloth. 

In examining the general effects of these treat 
ments, it is evident that softener C affords the poor 
est lubrication, with N somewhat better. The re 
maining three softeners are equally good on rayon 
and, in higher concentrations, on cottons, showing 
some differences at lower concentrations on the lat- 


ter material. 


Significance of the Yarn-Removal Test 


It is now possible, for each of the sets of tests de 
scribed, to compare the ranking assigned by the yarn 
with those 
provided by tactile judgment, as listed in Table II 
rhe 


was used for this purpose. 


removal test, shown in Figures 7 to 9, 


Kendall “tau” rank correlation statistic [9], 
The calculation involved 
vields a number whose magnitude is a measure of the 
extent of correlation between two sets of data; if no 
relationship exists, the Kendall coefficient will be 


substantially zero, while for perfect correlation a 
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FABLE IV. 


KENDALL CORRELATION COEFFICIENTS 
FOR SOFTNESS PERCEPTION 


\ll treatments 


Examiners Examiners 


Tvs. II 
Set 0.66 
Set 2 0.56 
Set 3 0.50 


instrument 


0.07* 0.62 + 0.07 
0.15 0.35 + 0.15 
0.07 0.75 + 0.07 


"for fs 
coefficient of unity is obtained. Kendall has pro 
vided a means for calculating the standard deviation 
of his statistic,* making it possible to assign limits 
within which the value can be expected to lie with a 
desired frequency, Ps, itt repeated tests 

Table I\ 


tion found: 


summarizes in this manner the correla 
first, between the two examiners; and, 
second, between the average of the examiners’ rank 
ing and the yarn-removal data. The limits make it 
evident that the instrument correlates with the ex 


aminers as well as they do with each other, except 
for broadcloth. 

In order to take advantage of changing softness 
and force of yarn-removal versus concentration of 
softener, subsequent work was restricted to the per 
cale material, despite its greater inherent variability. 
Figures 7 to 9 show the reason for this choice, where 
the percale can be seen to respond monotonically to 
changing concentration, whereas the other two cloths 


do not. 


Effects of Handling 


Phe next set of experiments, which were intended 


only to deseribe the behavior of another experi 


mental agent, which we shall call softener O, made 
it clear that application of various concentrations of 
the bath did not always result in corresponding dif 
ferences in the 


Table \ 


it is shown that examiner / was not only able to rank 


varn test on percale However, in 


(using softener <f as a comparison control ) 
softener «1 according to concentration but, by ability 
or chance, accomplished the same for O.  lxaminer 
IT made out almost as well, ranking softener 4 in 
order but displacing 1% of softener O in its series 
Relative positions of the two softeners differed be 
tween examiners / and //, but this lack of agreement 
was confined to the four softest specimens 

with softener O 


The success of the examiners 


made it appear that in this instance the yarn-removal 


10 


, | _ where n is the number of items 
) 


PABLI 


HAND RANKING OF SOFTENERS O AND J 
(80 & 80 PrERCALE) 


| Na TCT 


/ 
I] 


Untreated 


Force of Removal — 


y 
— . 
Concentration-per cent 





( onulrast of soTleners 
) } } 
line Before handling 


handling 


test failed to reveal a characteristic which could be 


appreciated tactually The graph of concentration 
10 (solid linn ) to Ine 


that, 


versus orce is seen nm bigure 
1 


substantially horizontal for ©, saving in effect 


i¢ 


above ©, no change in lubrication resulted from ap 


softener. On the other hand, the be 


dl Cal 


instrumentally 


plying more 


havior of softener be clearly deseribed either 


tactually o1 
three 


Hlowever, it was independently noted by the 


handlers that the softness of certain of the ample 
with continued handling Sot 


called 


hand,” is sometimes encountered and ha 


appt are dl to Mnprove 


fabric with “breaking 


l¢ ning of 


down. the 


rumpling, 


1 


been variously ascribed to: (/) fracturing of softener 


films or particles interfering with the free movement 


of filaments and yarns; (2) loosening of the weave 


] 


and | 


twist to allow freer movement of filaments and 


varns 


Phe effect of manipulation wi 1\ va fur 


} 


ther on a controlled basis, to see at it nught be the 


cause of the poo! correlation observed Strips cut 


1.0% and v1 


under tension of 100° «.. 


from swatches containing softeners © 


] ] 


were placed 


respectively, 
] 


and were rubbed for 1,000 cvcles with a reciprocat 


ing action at right angles over a rod of ! in. diame 


Others were similarly rubbed over a square 
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for 100 cycles 


and tested by the yarn-removal technique showed no 


Ten samples cut from each strip 


significant reduction in force, compared to undis 


torted controls, This kind of 


for either softener. 
mechanical deformation, even though probably more 
severe than that produced by handling, had little or 
no effect in reducing the force to remove yarns. 
Next, yvarn-removal tests were carried out on sam 
ples which had already been manually examined for 
softness, and the data were compared with those 
for unhandled samples. In all but one case the han- 
dling resulted in a reduction of the force required to 
pull out 


varns While for samples treated with 


softener O the decrease was roughly proportional 


A did 


These changes are shown 


to the amount of softener present, softener 
not show as much effect. 
by the broken lines of Figure 10. Although it is not 


clear what might have been responsible for the 
changes noted, the ability of manipulation to reduce 
the force of yarn-removal in contrast to mechanical 
deformation may indicate pickup of moisture or oil 
from the hands or the influence of warmth as rea 
sons for improved softness with handling. At any 
rate, the change noted appears to explain the dis 
crepancies which first occurred between hand eval 
uation of softness and the yarn-removal test. Force 
data obtained for treatments with softener O after 
handling correlate with the tactual estimate of ex 


aminer / and with the concentration of softener. 


Improvement of Softening Agents 


An obvious program on which to embark in at 
tempting to improve softeners is to compare soften 


ing action with chemical structure. In this way the 


effects of various groups and arrangements of groups 


in the molecule can be examined. Both our work 


and Gagliardi’s have shown the advantages of 


straight-chain over branched-chain configurations, 


and the variation of softening efficiency with length 


of chain Figure 11 shows curves relating force of 
varn-removal to the number of n-alkyl carbon atoms 
in two homologous series typified by softeners 1) 
and O. It is obvious for the latter that a minimum 
has been reached at 11-14 carbon units, whether ap 
plied from benzene or water solution; for the former, 
however, the minimum has not been reached even at 
18 units. All treatments were applied from 1% 


baths, to give 100% wet pickup. 
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Starch-Sized Cottons 


The ability shown above to describe objectively 
and quantitatively the influence of softeners on light 
weight unstarched cotton fabrics made it appear de- 
sirable to examine the test for its value when starch 
is present. 

Starch is widely used to impart body, fullness, 
opacity, and feel of weight to cotton fabrics. Since 


starch stiffens the fabrics, softeners—e.g., sulfated 


tallow—are added to overcome the stiffness. 

The softness of starch-finished fabrics is also cus 
tomarily determined simply by handling the fabric. 
When a good softener has been added to the starch, 
the stiffness imparted to the fabric by the starch de 
creases almost immediately on 


handling, compared 


with little or no reduction when no softener has been 
added. 


cized” 


A successful softener is said to have “plasti 
the starch. 

In the past it has been necessary to assign qualita 
tive descriptions (e.g., excellent, good, fair, and 


effect It was hoped that 
through the yarn-removal test the effect of softeners 


poor) to the obtained, 


with starch could be described numerically. 
Sample Preparation 


A series of seven aqueous starch dispersions, each 
containing a different textile softening agent, was 


made up based on the following formulation : 


ht 
) 


Ingredient Weig 

(g. 
Starch 5 
Softener 


Add water to make 300 


O Type Softeners 


Force —gms 


O Type Softeners o 


Alky! Carbons 
12 14 
Fic. 11. Change in softening power of two families 
of agents vs. n-alkyl chain length. 100% wet pickup of 
1% solution. 
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The starch was boiled with 235 g. of water for 


4: 
+: 
Was 
applied to a set of 80 * 80 cotton percale swatches 


min., and the softener, dissolved in the remaining 


> 


g. of water, was then added. This hot mixture 


by normal dip and squeeze roll technique, and the 


samples were pressed dry on an electrically heated 
flat press. Comparisons were made with the original 
untreated fabric and with swatches treated with starch 


but no softener 


Experimental 


Yarn tests were carried out after a conditioning 
period of 3 days at 21°C and 65¢¢ R.H. on specimens 


cut from the unhandled swatches. The remainder 
of each swatch was handled by the usual procedure 
employed in hand evaluation in order to break down 
the starch particles and to rate the order of softness 
Additional specimens were then cut from the mussed 
‘| able 


VI compares force of removal before and after han 


areas of these cloths for further yarn tests 


dling, with the hand rankings for all specimens 

In the tests by yarn-removal, the average for twelve 
samples from each swatch is shown, with the excep 
tion of the blank and the 


where the excessive force required to remove yarns 


starch-treated swatches, 


from these cloths caused two-thirds of them to break 


In every Case the force of removal is reduced by 


handling, in agreement with observations of the ex 
aminers, who confirmed that manipulation reduced 
the stiffness 
the list, handling has less effect, reducing the fore 
only 5% to 10%. 


For softeners toward the bottom of 


Good agreement can be seen between yarn-removal! 


results and hand ratings, either before or after han 


PABLE VI. Comparison ot 
RANKING OF PERCALE FINISHED With 5°, STARCH 
PLus 1.7°) of SEVEN EXPERIMENTAL 
SOFTENERS 


YARN-REMOVAL AND HAND 


Force of removal (g.) 
\fter 
handling 


Hand 


ranking 


Jefore 


handling Ditlerence 


120 80 10 
146* 107* 39 
147* 105* 42 
143* Q4* 19 
148* 142" 6 
6 193 170 23 
215 205 10 
8 (blank) 250 237 13 
9 (starch alone) 344 308 % 


* Not statistically different 


195 


swatches. The displacement in order of 


an be ascribed to lack of 


statistically 
significant differences among the data for these sof 


teners. Analysis showed that they could not be cor 


sistently distinguished either by handle or by the 


test 


Appraisal of Yarn-Removal Technique 


In general, the technique of yarn-removal offers 
a means of performing objective tests which are not 


influenced by the psychological variables encountered 


in handling. When samples differed sufficiently in 


softness to be significantly classified by two exam 


iners working independently (first experiments on 


cotton }' reale - the 


ratings of the latter found 


were 
to be in good agreement with the 


These 


inparted th 


results of removal 


tests tests, by revealing the extent of lubri 


cation cloth by finishes, evidently 


reflect qualities of the fabric which are closely related 


to those which contribute to the softne appreciated 


by the tactual sense. 


experiments reported here indicate that the proce 


dure of yarn-removal is capable of detecting small 


changes produced by different fini hing treatments 


on one kind of tabric, as long as moisture (humidity ) 


is controlled and changes brought about by handling 


appreciated No cl: 


um can be made at this time 


the ability of the method to differentiate amor i’ 


ths having different structures, although this may 


he possible It should also be interesting to examine 


softening agents in the light of the influence of hu 


mudity on their etfectivenc 


One present weakness of the test is the small area 


of the cloth sampled by pulling short lengths of single 


yarns, compared with handling a large piece of clotl 


Pulling multiple yarns or measuring work of re 


moval may afford improvement in rehability of the 


test 
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Quality Control and the Research Function 
O. P. Beckwith* 


Alexander Smith, Incorporated, Yonkers, New York 


“It cannot be too strongly emphasized that th ments or divisions; quality control, techmical service, 
success of the research laboratory depends upon the and research and development were their responsi 
application of its work.’—C. E. K. Mees 13) bilities Since the end of World War Il there ha 

Quality control and the research function are been a tremendous growth in the number and size 
closely related in the textile industry. In many ways © of these textile mill research and development units 
their activities are complementary The successful In the last few years the research and deve lopmie nt 


application of the work of; research depends in con departments of large mills, which originally started 


siderable measure on the effectiveness of quality con in quality control activities, have given rise to en 


trol The means by which quality control is able to tirely separate quality control departments W hile 


act come in part trom research \ccordingly, quality research and cde velopme nt reports to a vice-pre sident 


control should be understood by those concerned mn charge of research or a similar statf executive, 


with the direction and operation of research and quality control reports to a line executive, such a 


development the vice-president of operations, as shown in Figure 


l Qn the other hand, some large mulls still con 
The Place of Quality Control in the Organization = sider quality control as a part of the research and 


oe . . development Operation Consideration of the funda 
Phe first applications of modern science to textile 


REE ean ees we : bd mentals of organization should help determine the 
manulacturing occurred in the testing of materials 


sounde st course to ta this matter 
those which were purchased, work in process, and 


ae rr : 4 Research ar uality control ar stath tunetioy 
the fintshed products Poday, this activity falls im Xesearch and qua — sil gti 


the area of quality control. Since this work was car he purpose of staff is to serve the Tine, Davi 
nied on in mills, processing problems became appar [1] stated that there are three organic business fun 
ent, and it was recognized that men who were trained — Hens in any manufacturing organization: production 
in the sciences, primarily chemistry, could contribute distribution, and finance These are the line tune 
to their solution.  ¢ onsequently, a new technical ac tons \ll others are staff functions The research 
tivity developed—technical service to operations, or — and development unit serves both sales and produc 
“trouble shooting.” The testing of materials and — tion by the development of new product 

the solution of technical process problems made the improvement of manutacturing processes 
managers of mills aware of the need for applied re quently, it should not report to either line executive, 
search and development in order to obtain new and — jut to the president or the chief executive of the 


better products and to reduce costs lhe depart division 


ments concerned with these technical operations be Quality control exists to serve production I 


came known as “research and development” depart seems reasonable, therefore, that it report to the prin 


Acting Director of Quality Control Department cipal executive ol Coyne ration 


l’re ident 


Vice-President Vice-President i sider ice-President 
Sales Res. & Devel Operations Finance 


Director of Director of Director of Director of Director of 
Engineering Quality Control Manufacturing Industrial Relatio Purchase 


Fic. | 
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It is a principle in organization that unlike func 
should be differentiated like 


Obviously, this makes managerial 


tions and functions 
grouped together. 
specialization possible The purpose of staff is to 
render assistance to line in managerial work requir- 
ing specialized background, training, experience, and 
ability. Within limits, the narrower the field of staff 


efforts, the more expert should be the service 
rendered, 

Students of business organization point out that 
there are three basic management functions : creative 
planning, organizing, and control of the work of 
others, in the accomplishment of a common objective. 

There is no question that research is creative plan- 
ning, while quality control is control of the work of 
others—entirely different functions. Accordingly, 
since research and quality control serve different line 
needs and carry on different management functions, 
they should be differentiated in the plan of organiza 
tion in order to give the maximum of effective as- 
sistance to the line groups. 

There are strong pragmatic reasons for the sepa 
ration of research and quality control in large mills. 
An obvious one is that the quality control effort 
constitutes a considerable part of the research and 
development budget. When cyclical recessions oc 
cur, budgets must be reduced. The combined cost 
of quality control and research make it 4 prominent 
target for pruning. The application of reductions to 


a combined control 


research-quality department 
could result in an inequitable allocation to one or the 
other of the two functions 
When the two functions are combined in one de 
partment, the executive head must be a_ specialist 
in research administration and quality control ad- 
ministration—that is, he must be strong not only in 
creative planning, but also in controlling and direct 
ing all the manifold activities concerned with quality. 
Such people exist, but their availability is limited ; 
\ccord 


ingly, executive salary expense is decreased by sepa 


consequently, they command high salaries. 


rating such dissimilar functions as research and qual 


itv control. 


Perhaps more important than budgetary figures 
and executive salary expense as reasons for separa 
tion is the fact that a single head of research and 
quality control cannot do equal justice to both func 
tions 


One will be favored over the other. It is only 


in the 
- it states in part, “No 


human nature to do so. There is a verse 


Bible * which gives an analogy 


* Matthew 6: 24 
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for either he will hate 
the one, and love the other; or else he will hold to the 
one and despise the other.” 


man can serve two masters: 


The following story illustrates the point made. 
While the author was working as a member of the 
research and development division, which at that 
time included the quality control function, a coating 
application was developed by research which was 
considerably cheaper than existing ones. The prod- 
uct so made was perfectly satisfactory in appearance, 
but if water was spilled on it, as might happen in 
service, a stain that was difficult to remove appeared. 
When the quality disadvantage was weighed against 
the savings involved, the director of research recom- 
mended the adoption of the new coating. It was 
adopted and seme months later, because of the num- 
her of complaints received, the new coating had to be 
eliminated and conventional materials used. 

In this situation, the director of research had to 
decide between two conflicting incentives—the inter- 
est of research in achieving substantial savings and the 
interest of quality control in preventing a lowering 
of product service standards. A this 
nature will be biased by the director’s background 


decision of 


that is, whether it was in research and development 
or in quality control—and by the available facts. In 
this case, savings were definite and quality com- 
plaints were a possibility but not a certainty. A 
director of research who was intensely quality 
minded would probably have rejected the new coat 
ing. This might indicate a lack of willingness to 
gamble, which is certainly a requisite of a good re- 
search director.* 

The obvious answer to this problem is to separate 
research and quality control, enabling the latter func 
tion to be strongly articulate and uninfluenced by any 
considerations of departmental credit which is likely 
to ensue from the adoption of a new material. In 
other words, when a decision is to be made by top 
management, quality control has an equal voice with 
research; neither voice is muted by other incentives, 
as is the case where one man controls both functions. 

Research has a vital interest in a quality control 
function separate and independent of it. The quality 
of an apparel or decorative textile is affected by the 


extent of conformance to (1) 


standards, and (2 


construction 
The 


latter is by far the more important in obtaining cus- 


fabric 
) workmanship standards. 


* Mees ([3], p. 224) stated that, “Industrial research is an 
adventure: it is even a gamble, though one in which the odds 
are on success, provided that the work is continued despite 
delays and discouragements.” 
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tomer acceptance of the product, since lack of it 
generally reflects in poor appearance, whereas con 
struction variations more often than not are not de 
tectable. Workmanship is affected by the adequacy 
and completeness with which operations are per 
formed. It is not generally measurable by quanti 
tative physical and chemical tests. Such operations 
as blending of fibers, maintenance of carding and 
spinning equipment, carding and spinning practices, 
materials handling, weaving and finishing practices, 


and maintenance of set standards in processes are 


workmanship factors, which have much more of 


an effect on the appearance of finished goods than 
whether or not the yarn is of standard weight, the 
pile of proper height,.the rows per inch at standard, 
etc. It is true that those properties which can_ be 
measured by physical and chemical tests must be 
controlled, but it is equally true that perfect control 
in this area does not assure the manufacture of goods 
which are commercially perfect in appearance 

In the experience of the writer a research and de 
velopment group which has ‘the responsibility for 
quality control carries out such control only to the 
extent of conducting physical and chemical checks at 
those process points where it has meaning. It initi 


ates action depending on the results of the tests 


People are not assigned to particular departments 
whose function it 1s to observe the operations, de 


tect departures from standard practices, observe 


faults in materials, and recommend corrective action 
to supervision. If such people did exist within the 
research and development group, they would prob 
ably have a difficult time in getting effective action 
to be taken. The reason for this les in organization 
Their responsible head reports to an executive who 
is on a plane equal with the executive directing op 
erations, both of whom 


report to the pre sident 


Where complete disagreement between the quality 
control group of the research department and manu 
facturing occurs, it can only be resolved by the presi 
Fur 
thermore, individuals checking on intimate details 


dent, which is certainly an unwieldy process 


of production methods, who are responsible to an 
executive other than the executive of operations, are 


When 


quality control reports to the top operations execu 


not likely to receive effective coope ration. 


tive, the path of action is much shorter and effective 
than when it reports to the top executive of research 
and development. 

As stated at the beginning of the present discus 


sion, it is of vital interest to research to have a sepa 


rate and independent quality control function It 
has been the writer’s experience, when a member ot 
the quality control group of a research and develop 


ment department, to have process problems iris 


which seriously affected the appearance of finished 


FO ds 
s 


The research laboratory works on the prob 


lem: meanwhile, research is the target tor statements 


by production people that it caused the trouble be 


cause, coincident with the onset of the trouble, a 


dye was changed, a new spinning oil adopted, et \ 


considerable amount of technical work, some of. 1t 


defensive in nature, is undertaken to get the answers 


Modifications In process are mace No success 1s 


achieved. Finally, as a last resort, the laboratory 


follows several lots through the mill from the begin 
ning to the 


end, checking conformance to standard 


practices on a 24-hour basis. The goods finish quite 
satisfactorily... Conclusion: the proper process stand 


ards were not being observed by manufacturing 
There fore, the laboratory wasted a lot of time on the 
project. With an effective and independent quality 
control group, research and development could be 


spared such harassment 


The situation just deseribed is much more Wnpor 


tant when the problem involves a new product devel 


oped by research which is in the initial production 


stages. Here any difficulties with quality are auto 


] 


matically assigned to inadequacy of development 


they may well arise because proper methods and the 


Nu h 


search in looking 


specified standards are not being adhered to 
time and money can be lost by re 
for some one thing that will cure a quality difficulty 
much unjust criticism is heaped on reseach when the 
magic answer is not 


forthcoming \ strong and et 


fective quality control department operating undet 
should be 


rate out those problems re ulting trom lene k ty con 


the manutacturing executive 


able to se pa 


formance to standards and those requiring develop 


ment Research benetits, therefore, because its time 


can be concentrated on those 


things which are it 


rightful responsibility 
\rguments for grouping research and quality con 
trol into one departme nt stress the fact that as quality 


control problems arise they are readily brought to 


the attention of the research unit in the department 
work can be 


and initiated to bring about improve 


ment in the material, process, or product in question 


rhis is a valid point, for when the two functions are 
separated it 1s more difficult to get research action 


vie 1 the 
] 


and velopment 


started on a quality problem tha problen 


1S specifically a research 


cle part 
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ment responsibility However, the job of stimulat 
ing action on quality matters by research is no dit 
ferent from that of stimulating action by the line 
departments to improve the quality of their opera 
tions. Given the right stimulus and incentive, action 


can be achieved. The ability to get action, and yet 


having no authority to command it, is a requisite 


skill of a successful quality control group 
\n argument given for grouping research and 
quality control as one function is that both use, to 


both 
Ina small nfill, duph 


some extent, common. facilities and require 
technically trained personnel 
cation of facilities would probably be uneconomical 
However, one solution is to have physical and chemi 
cal quality control testing performed by the research 
and development department, and to turn the re 
sults over to the individual in charge of quality con 
trol for action. In a large mill, when it is desired 
that the cost of duplicate facilities be avoided, it 15 
quite practical to work out the use of facilities com 
mon to both quality control and research 

lo summarize, quality control must be able to rec 


ommend courses of action to top management in 


dependent of the other 


special interests of groups 
It must be concerned with attaming conformance to 
manufacturing standards and workmanship, as well 
as product construction. Therefore, quality control 
should he separate and independent ol other groups, 
and should report to the chief executive of opera 


tions 


The Nature of Quality Control 


\t this point, it would be well to detine “quality 
control.” Feigenbaum |2| gave an excellent defini 
tion: “Quality control is an effective system for co 
ordinating the quality maintenance and quality im 
provement efforts of the various groups in an organi 
zation so as to enable production at the most eco 
nomical levels which allow for full consumer. satis 
faction.” 

Krom this definition, it is seen that quality control 
is concerned with the prevention of defects, as well 


as assuring the 


v customer a satisfactory product 
Phe latter objective is the traditional inspection func 
tion, which has been well developed in the mechani 


cal and electrical industries for a number of years. 


Inspection’s job is to gage incoming material, work 


in process, and finished product, sorting the good 
from the bad and assigning responsibility for de 


fects. The textile industry never had a well-devel 
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oped inspection function, although it did exist, pri 
marily in the finishing rooms 

With the development of the modern concept of 
quality control, emphasis has been placed on the 
use of statistical techniques in sampling, in the pres 
and 


entation and interpretation of data, more re 


cently in the 


Phe power of these methods is their ability to pin 


planning of production experiments. 


point sources of variation and provide criteria for 


determining when differences from standards are 


significant and do not arise from chance. They have 
resulted in improved quality when the proper action 


is taken to look for and eliminate the causes of sig 


nificant variations shown up by them. In the textile 
industry many mills are using these statistical meth 
ods, primarily in connection with physical and chemi 
cal testing. It should be kept in mind that statistical 
methods are tools used in achieving control; they are 
not quality control. 

Feigenbaum mentions the coordinative nature of 
quality control in his definition, The meaning of 
this is best obtained from his own words [2]: 

“Product quality is affected at all stages of the pro 
duction process. The engineer, who writes specifica- 
tions and guarantees, affects quality fully as much as 
does the Inspector who examines the product for 
conformance to these specifications. The methods 
specialist who develops manufacturing facilities is 
similarly involved, as is the foreman, the factory op- 
erator, the purchasing agent 

“Historically, each of these separate quality activi 
ties has come to be carried on quite independently of 
the others. \Vhat organization has existed among 
them has been haphazard and often ineffective from 
an administrative point of view. 

“The inereasing precision demanded of products 
and the corresponding complexity of factory opera 
tions have made this hit-or-miss type of organiza- 
tion no longer satisfactory for meeting management's 
quality goal. The core of modern quality control is 
the positive organization by management of these 
separate activities into a plant wide quality-control 
program.” 
activities of a 


and the 


Consider specifically the manifold 


large textile manufacturing organization 


manner in which they impinge on quality. Purchas- 
ing is responsible tor supplying the required amount 
of material of proper quality at the least possible 

Without proper 


in purchased raw materials, manufacturing 


cost and at the time required 
quality 


will have difficulty in producing at standard rates, 
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standard and standard quality. The quality 


costs, 
control department sets standards fer the physical, 


chemical, and other characteristics required, these 


standards heing developed from data supplied by re 


search and development and from manufacturing 


Sampling of incoming material is carried out; tests 


‘ a 


conducted to evaluate the properties specified, 


made to 


are 


and decisions are accept or reject the ma 


terial yaluation of the quality performance ot 


vendors is made and supplied to the purchasing de 


partment with suitable recommendations on actions 


to bring improvement. From time to time, visits are 


made to vendor's mills to assist them in setting up 
techniques to improve the quality of goods supplied 
relations activities affect quality 


hie 
| 


discipline relate to workmanship 


Industrial 
standards of quality 


If careless job performance is sanctioned by inade 


quate penalties, quality suffers Phrough continued 


laxness and bad habits, situations can occur where 


serious and repeated quality errors are treated by 


nuld and ineffectual disciplinary measures, such as 
verbal 


warnings It is a quality control job to re 


view in each department the frequency of defects 
warranting disciplinary action, and to compare these 
with the department's record of disciplines 


When the 


defects occurring, the n 


figures 
given light of the 
number of atter 
reviewed with the department concerned 

and rate 


Most 


plans assume that the quality of the 


In the area of wage incentives 


new 


quality control has a strong interest 


nicentive 


Wage 


operation performed under the plan will not be 


altered unfavorably. Quality control should be con 


sulted before the institution of any new wage incen 


tive plans so that the 


vy evaluated, 


impact on quality can be eriti 
l] 


cal and so that when the plan Is put 


into effect, performance can be analyzed and changes 
Phere is a trend today 


1- 
le 


made if necessary 
rds, but 


incentive pay not only to quantity standa 


to quality standards Phis then makes quality con 


1 


to the development of incentive plans 
in wl 


\ 


trol a party 


In a textile mill the manner uch work 


1 


scheduled can affect quality. 


similar colors follow each other, there 


danger of their being mixed together at some process 


point. Quality control presses to obtain scheduling 


which affords the least possibil 


hie 


cern to the quality control departme nt 


itv of mixing 
, 
very vital con 


Many qual 


untenance of 


maintenance of equipment ts 


ity troubles result from inadequate mi 
| 


le - - 1 ‘ - lot ] ' ‘ 
ariers, grinding © card clothing, replacement 0 


tapes and bands on spindles, ot] 


Quality control is very much interested i 


ence oft proper ana COMPETE 


( ich department, and trom 


1 


I plans are gy properly admin 


; 
development and 


installation of new equip 


i work of the engineering depart 


t considerable imterest quality 


Phere 


proce ssiny 


con 


department have been many whnprove 


] 


machinery in the k 


ments m teNxtiie 
nulls are taka ey advantage ol this 


When new and 
11 


if d, there 


Vvears, ald 


placing old machines with new 


ple x systems of units are insta should be ar 


and qual 


1 -) ‘ ‘ 
orderiyv system of evi will } I , rate, 


ity before the equipment is turned over to the manu 


facturing group for operation on a production SCALE 


errors of large magnitude can 


CLOT 


1 
occur sample, con iderable 


} } 
WC 


THI 


fibers nadequat valuation the equipment 


from a quality standpoint inadequate develop 


thods 


to production can lead, and has led im my 


ment of proper mie betore turning it over 
eCXpenri 
to the manutacture 
wat! ‘ 
1 ary¢ 
new equipment 
concern to 


wit 
ll 


] 

Ales as « \ Laltdoo i I iil CO 
trol lunect and 
what 


\ hi h, 


allows for I] t atistaction t the 


with its 
constitutes 
‘ob 
of quality 

1 ] ] ' 

products leaving 

in this discussion, 

carpet, quality i 
is ft] 


Is Ww? CoOmMNnAanN 


relation to 

sions with sale 

and field surveys 

acceptability ot 

( OM partsor Ol (jl al 
\naly ses ot cl 


mation concept Ol ace 


and transmitted hbacl 


what the 


1 


IK Owlny 
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Ob- 
viously, severe changes in standards of acceptability 


time, know the process capabilities of the mill. 


cannot be imposed if they cannot be met economi- 
cally. In this situation the skill and usefulness of 


the quality control department comes into play. 
Quality control must be the catalyst which brings 
about the reaction of all the elements in the organiza 
tion towards the attainment, in the shortest possible 
time, of a new level of quality, yet an economic one. 

Research and development exerts a major in 
fluence on quality for three reasons: (1) it develops 
and specifies the design of new products; (2) it de 
velops new processes to improve quality, and ana 
lyzes and recommends corrective action when a 
process is giving poor quality results; (3) it devel 
ops test methods for measuring the extent to which 
materials, processes, and products conform to stand 
ard requirements. 

It should be 


affects quality. 


obvious how the first reason cited 
The design of the product must be 
such that it can be manufactured economically with 
out abnormal quality losses; it must give satisfac 
tory performance in service, and must not result in 
To this 
end a number of mills have set up what has been 


considerable losses from customers’ claims. 


aptly designated as the 
tion” [2]. 


“new design control func 
Participation in this function is a major 
activity of quality control, whose aim is to eliminate 
or locate possible sources of quality troubles in 
manufacturing and service before production begins. 

In the last decade we have witnessed a tremendous 
effort on the part of textile manufacturers to hold 
and their dollar 


In this 


increase share of the consumer's 


against the competition of other industries. 


effort the latest scientific and technical developments, 


new fibers, new equipment, and new methods are 
being employed by leading manufacturers to give the 
customer new and better products at prices he can 
afford. Obviously, bringing new fabrics into pro- 
duction is a much more complex job now than it was 
ten years ago. Because this act of bringing new 
products into production is fraught with the pos- 
sibility of a fiasco, mills have had to organize the 
“new design control function.” 

The classic pattern in the mechanical industries 
for the creation and manufacture of new products 
hegan with the engineering department or, where 
Here the 
new product was designed, working models were 


they existed, the research department. 


lhe engi- 


made, and specifications were prepared. g 
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neers of manufacture were than brought in. They 
designed the tools, jigs and fixtures, and machinery, 
and laid out the manufacturing methods. Inspection 
was given the specifications, against which the fac- 
tory’s output was checked. Under this concept, the 
three acts of specification, production, and inspection 
were considered as separate entities, proceeding in a 


logical order as follows [5]: 


Specification Production Inspection 

> z > : 

In the last decade there has emerged a new con- 

cept—that is, that these three steps, instead of being 

independent successive acts, are closely interrelated, 
as shown below. 


In this situation the product designer creates the 
specification with a knowledge of process capability 
gained from manufacturing and subsequent inspec- 
tion and quality control data. Having the quality 
control department participate in the development of 
specifications and standards is a technique for in- 
jecting into the design its past experience and its 
knowledge of production capability. 

It is evident that in the mechanical industries the 
satisfactoriness of the product depends primarily on 
its functioning ability, with appearance as a secondary 
consideration. In this industry goods are made from 
materials on which there is considerable engineering 
knowledge. Consequently, the act of translating a 
new product into production is primarily a mechani- 
cal engineering job. 

In textiles for clothing and decoration, appearance 
is of predominant importance and functioning of sec 
ondary importance. Generally, the manufacture of 
new textile products does not require major engi- 
neerinz equipment changes. Existing basic proc- 


esses 


dyeing, carding, spinning, weaving, and finish- 
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ing—may be modified and arranged in various com 


binations. Accordingly, the primary problem = in 
new textile product manufacture is not the engineer 
ing of equipment to enable the article to be made at 
a satisfactory rate, but the engineering of quality so 
that consistent performance of goods having satis 


factory appearance is obtained. Therefore, in textiles 


the quality control function is destined to play a 


large part in the new design control function. 
Figure 2 describes the operation of the new design 
control function 
In the present discussion it was stated that re- 
search and development exerts a major influence on 
The 


cussed ; the second is the development of new proc 


quality for three reasons first has been dis 
esses to improve quality, and the analysis and rec 
ommendation for corrective action where a process 
is giving quality trouble. An important objective of 


MERCHANDISING 
' 


t 


New product 
potentials 


Demand for 
new products 


) 


RESEARCH DEVELOPMENT 


4 


Development trials resulting in new product possibilities 
Product development committee, headed by 
including manufacturing, quality 
and 


and 
control, engineering, cost 
production planning representatives, 
facture of new product possibility 

} 
formally submits to merchandising new 
possibility with their estimate of costs, 


research 


discusses manu 


Research product 


problems of manu- 
facture, and service performance 


4 
Merchandising approves (or rejects 
$ 
Research submits approved new product possibility to opera- 
tions for detailed consideration of all problems of manufactur 
ing. The information is compiled and presented to vice 
president of operations for approval to manufacture 
{ 
prepares specifications based on data 
research & development 


new product possibility 


Quality control dept 
supplied by Specifications are 
approved by research & development, manufacturing, quality 
control, and vice-president of operations. 


: 


Production commences 
Conformance to standards is assessed by quality control. I 
standard is inadequate, research & development is requested 
to modify same 
Performance of new fabric, qualitywise, is reported periodically 
to top management by quality control dept 


Fic. 2 Vew design control function 
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quality control is to reduce or prevent defects 
Therefore, when a process gives poor performance, 
it is to the interest of the department to correctly 
analyze whether the cause arises from lack of con 
formance by line groups to standard manutacturing 
practice or whether the process or equipment is in 
herently incapable of producing uniform quality. It 
it is the latter, the problem is detined to research and 
development, which enables them to undertake de 
velopment work with the assurance that the objec 
tive 18s valid and worthwhile This is an example of 
the mutual interests of quality control and research ; 
the former wants to get action taken to bring about 
improvement, and the latter has the problems detined 
on which it is requested to spend time and money 
Obviously, the success of research and development 
depends on the proper selection of the projects on 
which it works. 

The third reason that research and development 
has such a great effect on quality is that it develops 
test methods for measuring the physical and chemi 
cal properties of materials, processes, and products 
These are applied by quality control to determine the 
extent of conformance to standards. ‘There is a very 
pressing need to be able to sample and test lots ot 
material at 


Various order 


Mmanutacturinyg 


will 
a satisfactory product \ 


stages in 


to determine whether it 


process well or make 


great deal of money can 


be saved if we know before and not after the goods 
are finished that a lot is substandard; then corrective 
action can be taken. Consider the blending of large 


masses of dyed fiber of one 


type or mixed types 
(Quick, comprehensive test procedures that enable a 
correct decision as to whether the lot should be ac 
cepted or rejected and reprocessed would be ex 
tremely helpful. Quick, easy determimation of mois 
ture, the set of twist in yarn, untlormuity of varn, are 
other illustrations. 


A major difficulty in quality control is allocating 


responsibility for defective work im the tinished 


goods \ 


and chemical analytical techniques ; 


great deal can be learned from physical 


these generally 


don't exist, but must be developed as the specific 


needs arise. Quality control must look to research 


and development for major contributions im thi 


area 


The Operation of Quality Control 


Quality control performs four jobs new de 


(]) 
, 


sign control; (2) raw material control; (3) process 
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and product control; (4) special process studies. 
Items (1) (2 
accordingly, only (2) 


and ) have already been discussed ; 


and (4) will be considered 
here. 

Any industrial management control is a four-step 
operation: (7) setting standards, (2) appraising con- 
formance to standards, (3) initiating corrective ac- 
tion, (7) planning improvements. This is not at all 
a new concept; it is a classical one in management. 
It provides the organization with the basis for self 
regulation whatever the field of application; it is in 
fact an automatic control. 

Ini a recent issue of Scientific American |4\, de 
voted wholly to automatic control in the self-regula- 
tion of machines, the philosophy of automatic control 
was expounded. In this article the author stated, 


“An 


therefore, develop comprehensive ways of discrimi- 


adequate science of automatic control must, 
nating and measuring variations in quality; it must 
learn how signals (or information) may be trans- 
mitted and relayed; it must be familiar with the con- 
ditions under which self-excitations and oscillations 
may occur; and it must device mechanisms which will 
anticipate the probable course and = sequence of 
events.” 

With slight paraphrasing, this description of auto- 
matic machine control applies to quality control. As 
a matter of fact, in one of the latest synthetic yarn 
processing units, not only are the operations auto- 
matically performed, but quality is automatically 
measured, the deviations are integrated, and the 
machine corrects itself. Quality control, however, 1s 
much more complex than control of machines, since 
it also encompasses materials and men. The control 
of people is the big problem of any controlling 
function, whether quality, production, or cost. 

Setting of standards and appraising conformance 
are vital to any quality control plan. A comprehen- 
sive program includes: (7) setting specifications for 
raw materials, process, and products; (2) standard 
methods of tests for checking conformance to speci- 
fications; (3) specification of sampling on which to 
hase decisions for acceptance or rejection; (4) stand- 
ard manufacturing practices. 

The fourth item is a description of the manutfactur- 
ing process, including all phases affecting cost and 
quality from the receipt of material in a department, 
its storage, release from storage, processing, and 
shipping to the next department. In a textile mill 
this is a much more vital requirement than, say, in 


a metals manufacturing plant. In such a plant, work 
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in process can generally be readily gaged and checked 
at pertinent stages of manufacturing. Lots of goods 
or specific units which are defective can be found, 
sorted out, and prevented from making rejects in 
the finished product. Not so in a textile plant. It is 
practically impossible to gage and sort large batches 
of textile material in process stages. Therefore, the 
sensible approach is a continuous check on whether 
the manufacturing methods are being carried out in 
accordance with standard manufacturing practices. 
The toughest job in the act of control is getting 
corrective action taken and instituting improvements 
in methods. If the quality control department is set 
up in the framework of an organization, administered 
by skilled business mechanics instead of by men who 
are professionally trained in the basic principles of 
executive leadership, the achievement of improved 
quality will be almost impossible. “Top management 
must make it clear that the objective of the organi 
zation is not making profits, but supplying the cus 
tomer with competitive quality and service at com- 
petitive costs and prices; profits then come as a 
natural consequence. If leadership thinks in terms 
of profit alone, this is reflected down the line to all 
subordinate levels of management. As a_conse- 
quence, when business is good and demand for goods 
is strong, quality is given second place on the as- 
sumption that the customer will not be critical if 
only he receives goods. ‘This happened to some com 
panies in the four or five years after World War II 
They received a rude awakening when the buyers’ 
market came into being. On the other hand, those 
firms which were devoted to providing competitive 
quality, prices, and service received a greater share 
of the 
profits. 


available business and reaped handsome 

Fundamental to the action-taking picture must be 
acceptance by the line that they alone are responsible 
for the quality of work done by them. If this fact is 
not accepted, the line has little incentive to hew to 
quality standards or to initiate improved methods ; 
consequently, it is left to the staff department and an 
impossible situation results. 

Line management has three incentives guiding all 
these 


their actions ; are cost, production rate, and 


quality. More often than not, the first two incen 
tives contradict the third. Generally, a poor quality 
job can be accomplished at a lower cost and faster 
rate than a good quality job. From a quality con 
trol standpoint, the problem is to get the line to 


serve all three equally well and not to slough off on 
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quality. It is only human nature for the department 
management to favor cost and rate at the expense 
of quality, because the consequences of departures 


from standard costs are brought home to them 


through the cost and production control function 
much more rapidly, completely, and effectively than 


departures from standards of quality Hours of 


labor, wages paid, and units manufactured all pro 


vide a ready measure for determining losses in dol 
lars, and when this is known, it is a strong stimulus 
towards corrective action. Accordingly, the more 
completely quality losses are evaluated in dollars and 
responsibility is correctly allocated, the greater like 
lihood there is for equal consideration of quality, 
cost, and rate. 

Consider the picking department in a woolen mill 
If it cuts corners in blending, thereby reducing costs, 
the consequences of this may appear in poor spin 
ning, a poor-appearing product, or a considerable 
lf the de 
partment does not hear about these results, it would 


amount of material classified as second 


be justified in continuing with nonstandard prac- 
tices. Accordingly, a general principle to follow for 
assuring corrective action on quality is to bring 
back to the department the consequences of its mal 
practices not only the phy sical form of the goods, 
but also the dollars involved. 

Qne way to bring about corrective action is to 
have each department in the null consider itself as 
an independent enterprise buying goods from. the 
preceding department, transforming them into fin 
ished product, and shipping them to the next depart 
ment. As the material is received in the depart 
ment, supervision should look it over, try it out, and, 
if it does not process satisfactorily, return it to the 
preceding department for reprocessing or for sorting 
the good from the bad. Such action stimulates bet 
ter performance in the department involved 

One of the jobs of quality control is to institute 
special process studies to analyze the cause of de 
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inter- 
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Presents and 
statistical 
on quality 
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standards, 
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Ing practices. 


product. 


Fic. 3 
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LABORATORY 
SERVICES 

Performs physical and \ssesses 
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fects and to recommend corrective action If these 


studies are effective, they should be able to demon 
strate that added costs in processing in one depart 
ment can be offset by savings in rejects of the fin 


When this 1s. the 


action by the line is practically automatic 


ished product case, satistactory 
\t times, the institution of improved methods, 
equipment, or practices is resisted by line supervision 
because it adds to departmental operating costs with 
out any calculable offsetting savings at some other 
point of the process. In such cases it 1s sometimes 
possible to induce favorable action by demonstrating 
that the recommended changes will result in goods 
equal or superior to those of the competition 
Occasionally, action for improvement in quality 
does not take place because leadership in the depart 
ment concerned is inadequate and inettective ht 
such a situation, improvement may have to be stimu 
lated by bringing in the vice-president in charge of 
operations and presenting recommendations for ac 
tion to him. ‘This is a punitive action, and should be 


taken only as a last resort. Obviously, if this step 
is taken, the quality control department must be sure 
of its ground; the consequences of failure being loss 


of confidence by management and bad feeling from 


ig 


the line groups 


The Organization for Quality Control 


igure 3 shows a sucee ssful form of organization 

for quality control in a textile plant employing about 

5,000 people 
It should be 


not create standards, but 


noted that the standards section do« 


drafts them on the basis 


of data received from research and development, 
engineering, and manufacturing 


The statistical section prepares data into suitable 


report form for the daily guidance of operating 


groups. Recommendations for action or acceptance 


and rejection of material are made by the director ot 
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quality control. These data come from the labora- 
tory testing services or from inspecting activities. 

Monthly reports summarizing quality performance 
are prepared by the statistical section for adminis 
trative management, operating management, and 
concerned functional departments. 

The laboratory testing group confines its activities 
solely to testing the quality characteristics of incom 
ing material, work in process, and finished products. 
It does not carry out any “trouble shooting” func 
tions. 

Inspection devotes its time to observation of per 
formance in manufacturing. It recommends. stop- 
ping of equipment giving substandard quality, re- 
processing of material, or rejection of material. It 
initiates action for correction, and recommends to 
It does 
not gage and sort good material from bad, except in 


line supervision courses of corrective action. 


the final product, where it is responsible for classify- 
ing the goods as perfect or imperfect, and defines the 
defect and its cause. 

Operations research is a glamorous name for an 
activity devoted to investigation and 
quality problems. 


solution of 
The personnel in this group are 
quality control engineers. They are individuals who 
are well grounded in textile engineering and_ tech- 
nology and have strong training in statistical quality 
control. Comprehensive operational studies are car 
ried on to find out the precise nature of quality prob- 
lems, where controls are needed, and what degree 
of control is necessary. They do not design or engi 
neer equipment or processes, but, by accurately de 
fining the problem, locating its source, and making 
recommendations to achieve improvement, enable 
quick and effective action to be taken by line and staff 


groups. 


Summary 


In conclusion, the author has attempted to show 
that the bonds of mutual interest between research 
and quality control are strong. In large textile mills 


the most effective functioning of quality control, from 


TEXTILE RESEARCH JOURNAI 


the standpoint of research as well as the whole or- 


ganization, is to have it separate from research 


Most quality difficulties arise because standards are 


not adhered to, not because the specification is in- 
adequate. (Quality control, as an independent func- 
tion subordinate to the chief executive of operations, 
is in the best possible position to bring about con 
formance to standards. 

The coordinative nature of quality control and its 
widespread area of interest in all phases of organiza 
The 
vital part which quality control should play in the 


tion actively affecting quality has been shown. 


critical process of translating the fruits of research 
into successful mass production was pointed out. 
The operation of quality control stems from the use 
of tested management principles—setting standards, 
checking conformance to standards, initiating correc- 
tive action, and planning improvement. ‘Technologi- 
cal skill, knowledge of the principles of organization 
and management, and, perhaps most important of 
all, the skillful conduct of human relations must be 
employed to achieve success. 

The mature and rounded quality control function 
fills a need in management created by the success of 
research and development in developing new prod 
ucts and processes. It links parts of the chain in 
the fascinating process of applying science and tech- 


nology to the production of more and better goods. 
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